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RODERICK  IMPEY  MURCHISON,  Esq.,  F.R.S., 


Mv    DEAR    Ml.'«CHISON, 

I  HAVE  great  pleasure  in  dedicating  this  volume  to 
you,  as  it  contains  the  results  of  some  of  our  joint  labours 
in  the  field,  in  Auvergne,  Vclay,  and  Piedmont — results  which 
had  not  yel  been  communicated  to  the  public  through  any 
other  channel. 

When  we  quitted  England  together  for  a  tour  on  the  con- 
tinent, in  May,  1828,  the  first  sketch  only  of  my  '  Principles  of 
Geology'  was  finished.  Since  that  time  you  have  watched  the 
progress  of  the  work  with  friendly  interest,  and,  as  President 
of  the  Geological  Society,  have  twice  expressed  in  your  Anni- 
versary Addresses,  your  participation  in  many  of  my  views, 
which  were  warmly  controverted  by  others,  Tiie  eulogy 
which  you  have  lately  pronounced  from  the  chair,  on  the  last 
part  of  my  work,  (whether  I  attribute  your  approval  to  the 
exercise  of  an  unbiassed  judgment  or  to  the  partiahty  of  a 
friend,)  could  not  fail  to  be  most  gratifying  to  my  feelings, 
and  I  trust  that  you  will  long  enjoy  health  and  energy  to 
continue  to  promote  with  enlhusiasm  the  advancement  of  your 
favourite  science. 

Believe  me,  my  dear  Murchison, 

Yours,  &c.  &c. 

CUARLKS   LyELL. 


P  It  E  F  A  C  E. 


original  MS.  of  the  'Principles  of  Geology' 
was  delivered  to  the  publisher  at  the  close  of  the 
year  1827,  when  it  was  proposed  that  it  should 
appear  in  the  course  of  the  year  following,  in  two 
volumes  octavo.  Since  that  time  many  causes  have 
concurred  to  delay  the  completion  of  the  work,  and, 
in  some  degree,  to  modify  the  original  plan.  In  May, 
1828,  when  the  preliminary  chapters  on  the  History 
of  Geology,  and  some  others  which  follow  them  in 
the  first  volume,  were  nearly  finished,  I  became 
anxious  to  visit  several  parts  of  the  continent,  in 
order  to  acquire  more  information  concerning  the 
tertiary  formations.  Accordingly,  I  set  out  in  May, 
1828,  in  company  with  Mr.  Murchison,  on  a  tour 
through  France  and  the  north  of  Italy,  where  we  exa- 
mined together  many  districts  which  are  particularly 
mentioned  in  the  body  of  this  work.  We  visited 
Auvergne,  Velay,  Cantal,  and  the  Vivarais,  and 
aAerwards  the  environs  of  Aix,  in  Provence,  and 
then  passed  by  the  Maritime  Alps  to  Savona,  thence 
crossing  to  Piedmont  by  the  Valley  of  the  Bormida. 

At  Turin  we  found  Signer  Bonelli  engaged  in  the 
nrrangement  of  a  larn-e  collection  of  tertiary  shells 
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obtained  chiefly  from  the  Italian  strata;  and  as  I  had 
already  conceived  the  idea  of  classing  the  different 
tertiary  groups,  by  reference  to  the  proportional 
number  of  recent  species  found  fossil  in  each,  I  was 
at  pains  to  learn  what  number  Signor  Bonelli  had 
identified  with  living  species,  and  the  degree  of 
precision  with  which  such  identifications  could  be 
made.  With  a  view  of  illustrating  this  point,  he 
showed  us  suites  of  shells  common  to  the  Sub- 
apennine  beds  and  to  the  Mediterranean,  pointing 
out  that  in  some  instances  not  only  the  ordinary  type 
of  the  species,  but  even  the  different  varieties  had 
their  counterparts  both  in  the  fossil  and  recent  series. 
The  same  naturalist  informed  us  that  the  fossil  shells 
of  the  hill  of  the  Superga,  at  Turin,  differed  as  a 
group  from  those  of  Parma  and  other  localities  of 
the  Subapennine  beds  of  northern  Italy;  and,  on  the 
other  hand,  that  the  characteristic  shells  of  the 
Superga  agreed  with  the  species  found  at  Bordeaux 
and  other  parts  of  the  South  of  France. 

I  was  the  more  struck  with  this  remark,  as  Mr.  Mur- 
chison  and  myself  had  already  inferred  that  the  highly- 
inclined  strata  of  the  Valley  of  the  Bormida,  which 
agree  with  those  of  the  Superga,  were  older  than 
the  more  horizontal  Subapennine  marls,  by  which  the 
plains  of  the  Tanaro  and  the  Po  are  skirted. 

When  we  had  explored  some  parts  of  the  Vicentin 
together,  Mr.  Murchison  re-crossed  the  Alps^  while  I 
directed  my  course  to  the  south  of  Italy,  first  staying 


at  Parma,  where  I  studied,  in  the  cabinets  of  Signor 
Guidotti,  a  beautiful  cullectioa  of  Italian  tertiary 
shells,  consisting  of  more  than  1000  species,  many 
of  vrhich  had  been  identified  with  living  testacea. 
Signer  Guidotti  had  not  examined  his  fossils  with 
reference  to  their  bearing  on  geological  questions, 
but  computed,  on  a  loose  estimate,  that  there  were 
about  30  per  cent,  of  living  species  in  the  Subapennine 
beds.  1  then  visited  Florence,  Sienna,  and  Rome, 
and  the  results  of  my  inquiries  respecting  the  ter- 
tiary strata  of  those  territories  will  be  found  partly  in 
the  body  of  the  work,  and  partly  in  the  catalogues 
given  in  Appendix  II, 

On  my  arrival  at  Naples  I  became  acquainted  with 
Signor  O.  G.  Costa,  who  had  examiued  the  fossil 
ahells  of  Otranto  and  Calabria,  and  had  collected 
many  recent  testacea  from  the  seas  surrounding  the 
Calabriao  coasts.  His  comparison  of  the  fossil  and 
living  species  had  led  him  to  a  very  difl'erent  result 
in  regard  to  the  southern  extremity  of  Italy,  from  that 
to  which  Signors  Guidotti  and  Bonelli  hud  arrived  in 
regard  to  the  north,  for  he  was  of  opinion  that  few  of 
the  tertiary  shells  were  of  extinct  species.  In  con- 
firmation of  this  view,  he  showed  me  a  suite  of  fossil 
shells  from  the  territory  of  Otranto,  in  which  nearly 
all  the  species  were  recent. 

In  October,  1828,  I  examined  Ischia,  and  obtained 
from  the  strata  of  that  island  the  fossil  shells  named 
in  Appendix  II,,  p.  57,     They  were  all,  with  two  or 
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three  exceptions,  recognized  by  Signor  Costa  as 
species  now  inhabiting  the  Mediterranean,  a  circum- 
stance which  greatly  astonished  me,  as  I  procured 
some  of  them  at  the  height  of  2000  feet  above  the 
level  of  the  sea  (Vol.  iii.  p.  126). 

Early  in  November,  1828,  I  crossed  from  Naples  to 
Messina,  and  immediately  afterwards  examined  Etna, 
and  collected  on  the  flanks  of  that  mountain,  near 
Trezza,  the  fossil  shells  alluded  to  in  the  third  volume 
(p.  79,  and  Appendix  II.,  p.  53).  The  occurrence  of 
shells  in  this  locality  was  not  unknown  to  the  natu- 
ralists of  Catania,  but  having  been  recognized  by 
them  as  recent  species,  they  were  supposed  to  have 
been  carried  up  from  the  sea-shore  to  fertilize  the 
soil,  and  therefore  disregarded.  Their  position  is 
well  known  to  many  of  the  peasants  of  the  country,  by 
whom  the  fossils  are  called  ^  roba  di  diluvio.' 

In  the  course  of  my  tour  I  had  been  frequently  led 
to  reflect  on  the  precept  of  Descartes,  '  that  a  philo- 
sopher should  once  in  his  life  doubt  every  thing  he 
had  been  taught ; '  but  I  still  retained  so  much  faith 
in  my  early  geological  creed  as  to  feel  the  most  lively 
surprise,  on  visiting  Sortino,  Pentalica,  Syracuse,  and 
other  parts  of  the  Val  di  Noto,  at  beholding  a  lime- 
stone of  enormous  thickness  filled  with  recent  shells, 
or  sometimes  with  the  mere  casts  of  shells,  resting  on 
marl  in  which  shells  of  Mediterranean  species  were 
imbedded  in  a  high  state  of  preservation.  All  idea 
of  attaching  a  high  antiquity  to  a  regularly  stratified 


limestone,  in  which  the  casts  and  impressionB  of  shells 
alone  were  discernible,  vanished  at  once  from  my 
mind.  At  the  same  time,  I  was  struck  with  the  iden- 
tity of  the  associated  igneous  rocks  of  the  Val  di  Noto 
with  well  known  varieties  of  '  trap '  in  Scotland  and 
other  parts  of  Europe,  varieties,  which  I  had  also 
seen  entering  largely  into  the  structure  of  Etna.  I 
occasionally  amused  myself  with  speculating  on  the 
different  rate  of  progress  wliich  Geology  might  have 
made,  had  it  been  first  cultivated  with  success  at 
Catania,  where  the  phenomena  above  alluded  to,  and 
the  great  elevation  of  the  modern  tertiary  beds  in 
the  Val  di  Noto,  and  the  changes  produced  in  the 
historical  era  by  the  Calabrian  earthquakes,  would 
have  been  familiarly  known. 

From  Cape  Passaro  I  passed  on  by  Spaccaforno  and 
Licata  to  Girgenti,  where  I  abandoned  my  design  of  ex- 
ploring the  western  part  of  Sicily,  that  I  might  return 
again  to  the  Val  di  Noto  and  the  neighbourhood  of 
Etna,  and  verify  the  discoveries  which  I  had  made. 
With  this  view  I  travelled  by  Caltanisetta,  Piazza, 
Caltagirone,  Vizzini,  Militello,  Palagonia,  Lago  Naftia, 
and  Radusa,  to  Castrogiovanni,  and  from  thence  to 
Palermo,  at  which  last  place  1  procured  the  shells 
named  in  Appendix  II.  p.  56.  The  sections  on  this 
new  route  confirmed  me  in  my  first  opinions  respecting 
the  Val  di  Noto,  as  will  appear  by  the  Cth,  8th,  and 
9th  chapters  of  the  third  Volume. 

When  I  again  reached  Naples,  in  January,  18'2y,l 
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found  that  Signor  O.  G.  Costa  had  examined  the  ter-* 
tiary  fossils  which  I  had  sent  to  him  from  different 
parts  of  Sicily,  and  declared  them  to  be  for  the  most 
part  of  recent  species.  I  then  bent  my  course  home- 
ward, seeing  atGenoa,  Professor  Viviani  and  Dr.  Sassoi 
the  last  of  whom  put  into  my  hands  his  memoirs  on 
the  strata  of  Albenga  (see  vol.  iii.  p.  166),  in  which  I 
found,  that,  according  to  his  list  of  shells,  the  tertiary 
formations  at  the  foot  of  the  maritime  Alps  contained 
about  50  per  cent  of  recent  species. 

I  next  re-visited  Turin^  and  communicated  to  Signor 
Bonelli  the  result  of  my  inquiries  respecting  the  ter- 
tiary beds  of  the  south  of  Italy,  and  of  Sicily,  upon 
which  he  kindly  offered  to  review  his  fossils,  some 
of  which  had  been  obtained  from  those  countries,  and 
to  compare  them  with  the  Subapennine  shells  of 
northern  Italy.  He  also  promised  to  draw  up  imme*- 
diately  a  list  of  the  shells  characteristic  of  the  green- 
sand  of  the  Superga,  and  common  to  that  locality  and 
Bordeaux,  that  I  might  publish  it  at  the  end  of  my 
second  volume;  but  the  death  of  this  amiable  and 
zealous  naturalist  soon  afterwards  deprived  me  of  the 
benefit  of  his  assistance. 

I  had  now  fully  decided  on  attempting  to  establish 
four  sub-divisions  of  the  great  tertiary  epoch,  the 
same  which  are  fully  illustrated  in  the  present  work. 
I  considered  the  basin  of  Paris  and  London  to  be  the 
type  of  the  first  division;  the  beds  of  the  Superga,  of 
the  second ;  the  Subapennine  strata  of  northern  Italy, 


of  the  third;  and  Ischia  and  the  Val  di  Noto,  of  the 
fourth.  I  was  also  convinced  that  I  had  seen  proofs, 
during  my  tour  in  Auvergne,  Tuscany  and  Sicily,  of 
volcanic  rocks  contemporaneous  with  the  sedimentary 
strata  of  three  of  the  above  periods. 

On  my  return  to  Paris,  in  February,  1829,  I  com- 
muaicated  to  M.  Desnoyera  some  of  the  new  views  to 
which  my  examination  of  Sicily  had  led  rae,  and  ray 
intention  to  attempt  a  classification  of  the  different 
tertiary  formations  in  chronological  order,  by  reference 
to  the  comparative  proportion  of  living  species  of 
shells  found  fossil  in  each.  He  informed  me,  that 
during  my  tour  he  had  been  employed  in  printing  the 
first  part  of  his  memoir,  not  yet  published,  'on  the 
Tertiary  Formations  more  recent  than  the  Paris  basin,' 
in  which  he  had  insisted  on  the  doctrine  '  of  the  suc- 
crasion  of  tertiary  formations  of  different  ages.'  At 
the  end  of  the  first  part  of  his  memoir,  which  was 
published  before  I  left  Paris*,  he  annexed  a  note  on 
the  accordance  of  many  of  my  views  with  his  own, 
and  my  intention  of  arranging  the  tertiary  formations 
chronologically,  according  to  the  relative  number  of 
fossils  in  each  group,  which  were  identifiable  with 
species  now  living. 

At  the  same  time  I  learned  from  M.  Desnoyers, 
that  M.  Deahayes  had,  by  the  mere  inspection  of  the 
fossil  shells  in  his  extensive  museum,  convinced  him* 
self  that  the   difi"erent  tertiary  formations    might  be 

*  Ana  del  9ti.  Nat,,  tome  zvl,  p,  214, 
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arranged  in  a  chronological  series.  I  accordingly  lo6t 
no  time  in  seeing  M.  Deshayes,  who  explained  to  me 
the  data  on  which  he  considered  that  the  three  ter* 
tiary  periods  mentioned  in  the  Tables,  Appendix  I., 
might  be  established.  I  at  once  perceived  that  the 
fossils  obtained  by  me  in  my  tour  would  form  but  an 
inconsiderable  contribution  to  so  great  a  body  of 
zoological  evidence  as  M.  Deshayes  had  already  in 
his  possession.  I  therefore  requested  him  to  examine 
my  shells  when  they  arrived  from  Italy,  and  expressed 
my  great  desire  to  obtain  his  co-operation  in  my  work, 
in  which,  as  will  appear  in  the  sequel,  I  was  fortunate 
enough  to  succeed. 

The  preparation  of  my  first  volume  had  now  been 
suspended  for  nine  months,  and  was  not  resumed  until 
my  return  to  London  in  the  beginning  of  March, 
1829.  Before  the  whole  was  printed  another  summer 
arrived,  and  I  again  took  the  field  to  examine  'the 
Crag,*  on  the  coasts  of  Essex,  Norfolk,  and  Suffolk. 
The  first  volume  appeared  at  length  in  January,  1830, 
after  which  I  applied  myself  to  perfect  what  I  had 
written  on  'the  changes  in  the  organic  world,'  a 
subject  which  merely  occupied  four  or  five  chapters 
in  my  original  sketch,  but  which  was  now  expanded 
into  a  small  treatise.  Before  this  part  was  completed 
another  summer  overtook  me,  and  I  then  set  out  on 
a  geological  expedition  to  the  south  of  France,  the 
Pyrenees,  and  Catalonia. 

On  my  return  to   Paris,  in  September,   1830,   I 


itudied  for  six  weeks  in  the  museum  of  M.  Deshayes, 
examining  his  collection  of  fossil  and  recent  shells, 
and  profiting  by  his  instructions  in  conchology.  As 
he  had  not  yet  published  any  of  the  general  results 
deducibic  from  his  valuable  collection,  I  requested 
him  to  furnish  me  with  lists  of  those  species  of  shells 
which  were  common  to  two  or  more  tertiary  periods, 
as  also  the  names  of  those  known  to  occur  both  in 
some  tertiary  strata  and  in  a  living  state.  This  he 
engaged  to  do,  and  we  agreed  that  the  information 
should  be  communicated  in  a  tabular  form.  After 
several  modifications  of  the  plan  first  proposed  for  the 
Tables,  we  finally  agreed  upon  the  manner  in  which 
they  should  be  constructed,  and  the  execution  was 
left  entirely  in  the  hands  of  M.  Deshayes,  in  whose 
name  they  were  to  appear  in  my  second  volume. 

The  tables  were  sent  to  me  in  the  course  of  tlie 
following  spring  (1831),  and  additions  and  corrections 
several  months  later.  They  contained  not  only  the 
information  which  I  had  expected,  but  much  more,  for 
the  names  of  several  hundred  species  were  added,  as 
being  common  to  two  or  more  furinatiotis  of  the  same 
period,  whereas  it  was  originally  proposed  to  insert 
those  only  which  were  known  to  be  common  to  two  or 
Qiore  distinct  periods.  Thus,  for  example,  more  than 
50  shells  are  now  included  in  the  tables,  on  the 
ground  that  they  are  common  to  the  tertiary  strata 
both  of  the  London  and  Paris  basins,  although  they 
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only  occur  in  the  Eocene  period  to  which  the  strtta 
of  those  basins  belong.  The  names  thus  added  will 
increase  the  value  of  the  tables,  and  give  a  more  com- 
plete view  of  the  point  to  which  fossil  conchology  has 
now  reached ;  at  the  same  time,  it  must  be  admitted 
that  tables  of  shells  cannot  be  perfected  on  this  plan, 
as  the  science  advances  from  year  to  year,  without 
soon  outgrowing  the  space  which  could  reasonably  be 
allotted  to  fossil  conchology  in  a  work  on  geology,  for 
they  would  soon  embrace  the  names  of  the  greater 
number  of  known  shells,  nearly  all  of  these  being 
common  to  different  groups  of  strata  of  the  same 
perioel.  Some  of  the  catalogues  which  I  have  given 
in  A[^>endix  II.,  of  fossil  shells  from  the  neighbour- 
hood of  the  Red  Sea,  and  from  some  other  localities, 
may  illustrate  this  remark,  as  they  lead  us  to  antici- 
pate that,  at  no  distant  time,  we  may  find  a  large  pro* 
portion  of  all  the  Recent  species  in  a  fossil  state. 

In  treatieee  on  foeeil  conchohgy,  such  as  I  trust 
A[.  Deshayes  will  soon  publish,  we  cannot  have  too 
complete  a  catalogue  of  all  the  species  which  have 
been  found  fossil  in  every  locality,  together  with  their 
synonyms;  but  in  geological  works  we  can  only  illus- 
trate the  more  important  theoretical  points  by  cata- 
logues of  those  shells  which  are  either  characteristic 
of  particular  periods,  as  being  exclusively  confined  to 
them,  or  which  show  the  connexion  of  two  periods, 
by   being  common  to  each.      For  this  purpose  we 
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must  select  certain  normal  groups  which  do  not 
approximate  too  closely  to  each  other,  and  enumerate 
by  name  the  species  common  to  more  than  one  of 
these.  Thus,  for  example,  we  might  omit  in  our 
tables  the  Newer  Pliocene  formations  altogether,  and 
enumerate  the  shells  common  to  the  Recent  and  Older 
Pliocene  beds. 

I  have  arranged  the  tertiary  formations  in  four 
groups,  as  I  had  determined  to  do  before  I  was 
acquainted  with  M.  Deshayes;  and  in  his  tables  he 
has  referred  the  shells  to  three  periods,  according  to 
which  he  had  classed  them  before  he  had  any  commu- 
nication with  me.  No  confusion,  however,  will  arise 
from  this  want  of  conformily  between  the  tables  and 
my  classification,  since  I  have  named  two  of  my 
periods(the  Newer  and  Older  Pliocene)  as  subdivisions 
of  one  of  his ;  and  by  reference  to  the  Synoptical 
Table,  at  p,  01,  the  reader  will  see  which  localities 
mentioned  in  M.  Deshayes's  Tables  belong  to  the 
Newer  and  which  to  the  Older  Pliocene  period. 

In  the  summer  of  1831  I  made  a  geological 
excursion  to  the  volcanic  district  of  the  Eifel,  and  on 
my  return  I  determined  to  extend  my  work  to  three 
volumes,  the  second  of  which  appeared  in  January, 
1832.  The  last  volume  has  been  delayed  till  now  by 
many  interruptions,  among  which  I  may  mention  a 
tour,  in  the  summer  of  1832,  up  the  valley  of  the 
I  Rhine,  when  I  examined  the  loess  fvol.  iii.  p.  ISl), 
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and  a  visit,  on  my  way  home  through  Switzerland,  to 
the  Valorsine,  where  I  had  an  opportunity  of  verify- 
ing the  observations  of  M.  Necker  on  the  granite 
veins  and  altered  stratified  rocks  of  that  district.  I 
may  also  mention  the  time  occupied  in  the  correction 
of  the  second  edition  of  the  first  and  second  volumes, 
and  the  delivery  of  a  course  of  Lectures  in  May  and 
June,  1832,  at  King's  College,  London,  on  which 
occasion  I  had  an  opportunity  of  communicating  to 
the  scientific  world  a  great  part  of  the  views  now 
explained  in  my  last  volume. 

Landon^  Aprils  1833. 
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Theuiy  of  ibu  uii),-iii  of  granite  at  every  period  from  the  MillMt  (o  the  moit 
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Ffontitpifce.  View  of  the  votcanos  around  Olot,  in  Catalonia. 
See  p.  1S6.  This  view  is  taken  from  a  sketch  by  the  author ; 
an  attempt  ia  made  to  represent  by  colours  tlie  different  geo- 
logical formations  of  which  the  country  is  composed.  The  blue 
line  of  mountains  in  the  distance  are  the  Pyrenees,  which  are  to 
the  north  of  the  spectator,  and  consist  of  primary  and  ancient 
secondary  rocks.  In  front  of  these  arc  the  secondary  for- 
mations, described  in  chap,  xiv.,  coloured  pui'plisli-grey  of 
different  tints,  to  express  different  distances.  The  flank  of 
the  hill,  in  the  foreground,  called  Costa  di  Pujou,  is  com- 
posed partly  of  secondary  rocks,  which  are  seen  to  the  left  of 
a  small  bridle-road,  and  partly  of  volcanic,  the  red  colour 
expressing  lava  and  scorite. 

Several  very  perfect  volcanic  cones,  chiefly  composed  of  red 
scorite,  and  having  craters  on  their  summits,  are  seen  in  the 
immediate  neighbourhood  of  Oiot,  coloured  red.  The  level 
plain  on  which  that  town  stands  lias  clearly  been  produced  by 
the  flowing  down  of  many  lava-streams  from  those  hills  into 
the  bottom  of  a  valley,  probably  once  of  considerable  depth, 
like  those  of  the  surrounding  country,  but  which  has  been  in  a 
great  measure  filled  up  by  lava. 

The  reader  should  be  informed,  that  in  many  impressions  of 
this  plate  Mont sacopa  is  mis-spelt  '  Montescopa,' and  Mount 
Garrinada  is  mis-spelt  '  Gradonada.' 

'  Plate  I.  The  shells  represented  in  this  plate  have  been 
selected  by  M.  Deshayes  as  characteristic  of  the  Pliocene  period 
of  the  Tables,  Appendix  I.  The  greater  part  of  iliem  are 
common  both  to  the  older  and  newer  Pliocene  periods  of  this 
work.  Eight  of  the  species,  Nos.  I.  3,  5,  G,  7,  II,  13,  and  14. 
arc  now  living,  but  are  given  as  being  also  found  in  the  Older 
Pliocene  formations.     Fusus  crispus  is  not  found  either  recent 
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PRINCIPLES  OF  GEOLOGY. 


CHAPTER  I. 

Commdau  betireea  the  subjects  treateil  of  in  the  former  pBrta  of  tliii  woik  anil 
those  to  b«  dUcuiseil  in  the  present  Tolume — Kironeous  oiBumptioii  of  the 
culiw  geoluguts  ruspoetlDg  the  discordaucu  of  the  formec  and  actual  causes 
of  change — Opposite  lyslcm  of  inquiry  wluptcJ  in  this  wdiIl — Illuatiations 
ftom  Ihe  hiatory  of  the  piogcess  of  Geology  of  the  respectivo  menlB  of  tha 
two  •jrtems — Habit  of  indulgiog  conjectureB  respecting  irregular  and  iMia- 
crdinary  ngents  not  yet  abandoned — Necessity  in  the  present  state  of  science 
of  (.leBiiiig  to  a  work  on  Gsology  treatises  resiiecling  tho  changes  now  iu 
progress  in  the  onioiBte  aud  iuaaimati:  world. 

Having  considered,  in  the  preceding  volumes,  the  actual  opera- 
tion of  the  causes  of  change  which  affect  the  earth's  surface  and 
its  inhabitants,  we  are  now  about  to  enter  upon  a  new  division 
of  our  inquiry,  and  shall  therefore  offer  a  few  prelitninary 
observations,  to  fix  in  the  reader's  mind  the  connexion  between 
two  distinct  parts  of  our  work,  and  to  explain  in  what  manner 
the  plan  pursued  by  us  differs  from  that  more  usually  followed 
by  preceding  writers  on  Geology. 

All  naturalists,  who  have  carefully  examined  the  arrange- 
ment of  (he  mineral  masses  composing  the  earth's  crust,  and 
who  have  studied  their  internal  structure  and  fossil  contents, 
have  recognized  therein  the  signs  of  a  great  succession  of  former 
changes ;  and  the  causes  of  these  changes  have  been  the  object 
of  atixious  inquiry.  As  the  first  theorists  possessed  but  a.  scanty 
acquaintance  with  the  present  economy  of  tlie  animate  and 
inanimate  world,  and  the  vicissitudes  to  which  these  are  sub- 
ject, we  find  them  in  the  situation  of  novices,  who  attempt 
to  read  a  history  written  in  a  foreign  language,  doubting  about 
the    meaning  of    the    most    ordinary    terms;     disputing,   for 
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example,  whether  a  shell  was  really  a  shelly — ^whether  sand  and 
pebbles  were  the  result  of  aqueous  trituration, — whether  stra- 
tification was  the  eiTcct  of  successive  deposition  from  water; 
and  a  thousand  other  elementary  questions  which  now  appear 
to  us  so  easy  and  simple,  that  we  can  hardly  conceive  them  to 
have  once  afforded  matter  for  warm  and  tedious  controversy. 

In  the  first  volume  we  enumerated  many  prepossessions 
which  biassed  the  minds  of  the  earlier  inquirers,  and  checked 
an  impartial  desire  of  arriving  at  truth.  But  of  all  the  causes 
to  which  we  alluded,  no  one  contributed  so  powerfully  to  give 
rise  to  a  false  method  of  philosophizing  as  the  entire  uncon- 
sciousness of  the  first  geologists  of  the  extent  of  their  own 
ignorance  respecting  the  operations  of  the  existing  agents  of 
change. 

They  imagined  themselves  sufficiently  acquainted  with  the 
mutations  now  in  progress  in  the  animate  and  inanimate  world, 
to  entitle  them  at  once  to  affirm,  whether  the  solution  of  certain 
problems  in  geology  could  ever  be  derived  from  the  observa« 
tion  of  the  actual  economy  of  nature,  and  having  decided  that 
they  could  not,  they  felt  themselves  at  liberty  to  indulge  their 
imaginations^  in  guessing  at  what  might  be^  rather  than  in  in- 
quiring what  is;  in  other  words,  they  employed  themselves  in 
conjecturing  what  might  have  been  the  course  of  nature  at  a 
remote  period,  rather  than  in  the  investigation  of  what  was  the 
course  of  nature  in  their  own  times. 

It  appeared  to  them  more  philosophical  to  speculate  on  the 
possibilities  of  the  past,  than  patiently  to  explore  the  realities 
of  the  present,  and  having  invented  theories  under  the  influence 
of  such  maxims,  they  were  consistently  unwilling  to  test  their 
validity  by  the  criterion  of  their  accordance  with  the  ordinary 
operations  of  nature.  On  the  contrary,  the  claims  of  each  new 
hypothesis  to  credibility  appeared  enhanced  by  the  great  con- 
trast of  the  causes  or  forces  introduced  to  those  now  developed 
in  our  terrestrial  system  during  a  period,  as  it  has  been  termed, 
of  repose. 

Never  was  there  a  dogma  more  calculated  to  foster  indolenoei 
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and  lo  blunt  ihe  keen  edge  of  curiosity,  llian  this  assumplion 
of  the  diicordance  between  the  former  and  the  existing  causes 
of  change.  It  produced  a  state  of  mind  unfavourable  in  the 
highest  conceivable  degree  to  the  candid  reception  of  the  evi- 
dence of  those  minute,  but  incessant  mutations,  which  every 
part  of  the  earth's  surface  ia  undergoing,  and  by  which  the 
condition  of  its  living  inhabitants  is  continually  made  to  vary. 
The  student,  instead  of  being  encouraged  with  the  hope  of 
interpreting  the  enigmas  presented  to  him  in  the  earth's  struc- 
lure, — instead  of  being  prompted  to  undertake  laborious 
inquiries  into  the  natural  history  of  the  organic  world,  and 
the  complicated  effects  of  the  igneous  and  aqueous  causes  now 
in  operation,  was  taught  to  despond  from  the  first.  Geology,  it 
wasafiirmed,  could  never  rise  to  the  rank  of  an  exact  science, — 
the  greater  number  of  phenomena  must  for  ever  remain  inex- 
plicable, or  only  be  partially  elucidated  by  ingenious  conjec- 
tures. Even  the  mystery  which  invested  the  subject  was  said  to 
ooDstitute  one  of  its  principal  charms,  affording,  ns  it  did,  full 
scope  to  the  fancy  to  indulge  in  a  boundless  field  of  speculation. 

']'he  course  directly  opposed  to  these  theoretical  views  con- 
sists in  an  earnest  and  patient  endeavour  to  reconcile  the  former 
indications  of  change  with  the  evidence  of  gradual  mutations 
now  in  progress  ;  reslricting  us,  in  the  first  instance,  to  known 
causes,  and  then  speculating  on  those  which  may  be  in  activity 
in  regions  inaccessible  to  us.  It  seeks  an  interpretation  of 
geological  monuments  by  comparing  the  changes  of  which  they 
give  evidence  with  the  vicissitudes  now  in  progress,  or  which 
may  be  in  progress. 

We  shall  give  a  few  examples  in  illustration  of  the  practical 
results  already  derived  from  the  two  distinct  methods  of  theo- 
rizing, for  we  have  now  the  advantage  of  being  enabled  to 
judge  by  experience  of  their  respective  merits,  and  by  the  rela- 
tive value  of  the  fruits  which  they  have  produced. 

In  our  historical  sketch  of  the  progress  of  geology,  the  reader 
has  seen  that  a  controversy  was  maintained  for  more  than  a 
century,  respecting  the  origin  of  fossil  shells  and  bones — were 
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they  organic  or  inorganic  substances  ?     That  the  latter  opinion 
should  for  a  long  time  have  prevailed^  and  that  these  bodies 
should  have  been  supposed  to  be  fashioned  into  their  present 
form  by  a  plastic  virtue,  or  some  other  mysterious  agency^  may 
appear  absurd ;   but  it  was,  perhaps,  as  reasonable  a  OHijec- 
ture  as  could  be  expected  from  those  who  did  not  appeal,  in 
the  first  instance,   to  the  analogy  of  the  living  creation,  as 
affording  the  only  source  of  authentic  information.     It  was 
only  by  an  accurate  examination  of  living  testacea^  and  by  a 
comparison  of  the  osteology  of  the  existing  vertebrated  animals 
with  the  remains  found  entombed  in  ancient  strata^  that  this 
favourite  dogma  was  exploded,  and  all  were,  at  lengthy  per- 
suaded that  these  substances  were  exclusively  of  organic  origin. 
In  like  manner,  when  a  discussion  had  arisen  as  to  the  nature 
of  basalt  and  other  mineral  masses,  evidently  constituting  a  par- 
ticular class  of  rocks,  the  popular  opinion  inclined  to  a  belief 
that  they  were  of  aqueous,  not  of  igneous  origin.    These  rocks, 
it  was  said,  might  have  been  precipitated  from  an  aqueous  solu- 
tion, from  a  chaotic  fluid,  or  an  ocean  which  rose  over  the  con- 
tinents, charged  with  the  requisite  mineral  ingredients.     All 
arc  now  agreed  that  it  would  have  been  impossible  for  human 
ingenuity  to  invent  a  theory  more  distant  from  the  truth ;   yet 
we  must  cease  to  wonder,  on  that  account,  that  it  gained  so 
many  proselytes,  when  we  remember  that  its  diums  to  proba- 
bility arose  partly  from  its  confirming  the  assumed  want  of  all 
analogy  between  geological  causes  and  those  now  in  action. 

By  what  train  of  investigation  were  all  theorists  brought  round 
at  length  to  an  opposite  opinion,  and  induced  to  assent  to  the 
igneous  origin  of  these  formations  ?  By  an  examination  of 
the  structure  of  active  volcanos,  the  mineral  composition  of 
their  lavas  and  ejections,  and  by  comparing  the  undoubted  pro- 
ducts of  fire  with  the  ancient  rocks  in  question. 

We  shall  conclude  with  one  more  example.  When  the 
organic  origin  of  fossil  shells  had  been  conceded,  their  occur- 
rence in  strata  forming  some  of  the  loftiest  mountains  in  the 
world,  was  admitted  as  a  proof  of  a  great  alteration  of  the 


Ch.  I.]  METHODS  OF  THEOHIZIN'C 

rdative  level  of  sea  and  land,  and  duubts  vere  then  entertained 
whether  this  change  might  be  accounted  for  by  the  partial 
drying  up  of  the  ocean,  or  by  the  elevation  of  the  solid  land. 
The  former  hypothesis,  althougii  afterwards  abandoned  by 
general  consent,  was  at  first  embraced  by  a  vast  majority.  A 
muliitude  of  ingenious  speculations  were  hazarded  to  show 
how  the  level  of  the  ocean  might  have  been  depressetl,  and 
when  these  theories  had  all  failed,  the  inquiry,  as  to  what 
vicissitudes  of  this  nature  might  now  be  taking  place,  was,  as 
usual,  resorted  to  in  the  last  instance.  The  question  was  agi- 
tated, whether  any  changes  in  (he  level  of  sea  and  land  had 
occurred  during  the  historical  period,  and,  by  patient  research, 
it  was  Boon  discovered  that  considerable  tracts  of  land  had 
been  permanently  elevated  and  depressed,  while  the  level  of 
the  ocean  remmned  unaltered.  It  was  therefore  necessary  to 
reverse  the  doctrine  which  had  acquired  so  much  popularity, 
and  the  unexpected  solution  of  a  problem  at  first  regarded  as 
so  enigmatical,  gave  perhaps  the  strongest  stimulus  ever  yet 
afforded  to  investigate  the  ordinary  operations  of  nature.  For 
it  must  have  appearetl  almost  as  improbable  to  the  earlier  geolo- 
gists, that  the  laws  of  earthquakes  should  one  day  throw  light 
on  the  origin  of  mountains,  as  it  must  to  the  first  astronomers, 
that  tiie  fall  of  an  apple  should  assist  in  explaining  the  motions 
of  the  moon. 

Of  late  years  the  points  of  discussion  in  geology  have  been 
transferred  to  new  questions,  and  those,  for  the  most  part,  of 
a  higher  and  more  general  nature;  but,  notwithstanding  the 
repeated  warnings  of  experience,  the  ancient  method  of  philo- 
sophising has  not  been  materially  modified. 

We  are  now,  for  the  most  part,  agreed  as  to  what  rocks  are 
of  igneous,  and  what  of  aqueous  origin, — in  what  manner  fossil 
shells,  whether  of  the  sea  or  of  lakes,  have  been  imbedded  in 
strata, — how  sand  may  have  been  converted  into  sandstone, — 
and  are  unanimous  as  to  other  propositions  which  are  not  of  a 
complicated  nature;  but  when  we  ascend  to  those  of  a  higher 
order,  we  find  as  little  disposition,  as  formerly,  tomake  a  slrenu- 
DUB  effort,  in  the  first  instance,  to  search  out  an  explanalioQ  in. 
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the  ordinary  economy  of  Nature.  It,  for  example,  we  seek  for 
the  causes  why  mineral  masses  are  associated  together  in  certain 
groups ;  why  they  are  arranged  in  a  certain  order  which  is  neTer 
inverted ;  why  there  are  many  breaks  in  the  continuity  of  the 
series;  why  different  organic  remains  are  found  in  distinct  sets 
of  strata  ;  why  there  is  often  an  abrupt  passage  from  an  assem- 
blage of  species  contained  in  one  formation  to  that  in  another 
immediately  superimposed^ — when  these  and  other  topics  of  an 
equally  extensive  kind  are  discussed^  we  find  the  habit  of 
indulging  conjectures,  respecting  irregular  and  extraordinary 
causes^  to  be  still  in  full  force. 

We  hear  qf  sudden  and  violent  revolutions  of  the  globe,  of 
the  instantaneous  elevation  of  mountain  chains,  of  paroxysms 
of  volcanic  energy,  declining  according  to  some,  and  according 
to  others  increasing  in  violence,  from  the  earliest  to  the  latest 
ages.  We  are  also  told  of  general  catastrophes  and  a  succes- 
sion of  deluges,  of  the  alternation  of  periods  of  repose  and 
disorder,  of  the  refrigeration  of  the  globe,  of  the  sudden  anni- 
hilation of  whole  races  of  animals  and  plants,  and  other  hypo- 
theses, in  which  we  see  the  ancient  spirit  of  speculation  revived, 
and  a  desire  manifested  to  cut,  rather  than  patiently  to  untie, 
the  Gordian  knot. 

In  our  attempt  to  unravel  these  difficult  questions,  we  shall 
adopt  a  different  course,  restricting  ourselves  to  the  known  or 
possible  operations  of  existing  causes ;  feeling  assured  that  we 
have  not  yet  exhausted  the  resources  which  the  study  of  the 
present  course  of  nature  may  provide,  and  therefore  that  we  are 
not  authorized,  in  the  infancy  of  our  science,  to  recur  to  extra- 
ordinary agents.  We  shall  adhere  to  this  plan,  not  only  on 
the  grounds  explained  in  the  first  volume,  but  because,  as  we 
have  above  stated,  history  informs  us  that  this  method  has 
always  put  geologists  on  the  road  that  leads  to  truth, — suggest- 
ing views  which,  although  imperfect  at  first,  have  been  found 
capable  of  improvement,  until  at  last  adopted  by  universal 
consent.  On  the  other  hand,  the  opposite  method,  that  of 
speculating  on  a  former  distinct  state  of  things,  has  led  inva- 
mb)/  to  a  multitude  of  contradictory  s^si^Tns,^Vv\c\i\\w^'V)««EL 
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overthrown  one  after  tlie  other, — which  have  been  found  quile 
incapable  of  modification, — and  which  are  often  required  to  be 
precisely  reversed. 

In  r^ard  to  the  subjects  treated  of  in  our  first  two  volumes, 
if  systematic  treatises  had  been  written  on  these  topics,  we 
should  willingly  have  entered  at  once  upon  the  description  of 
geological  nionumenis  properly  so  called,  referring  to  other 
authors  for  the  elucidation  of  elementary  and  collateral  ques- 
tions, just  as  we  shall  appeal  to  the  best  authorities  in 
conchotogy  and  comparative  anatomy,  in  proof  of  many  posi- 
tions which,  but  for  the  labours  of  naturalists  devoted  to 
these  departments,  would  have  demanded  long  digressions. 
When  we  find  it  asserted,  for  example,  that  the  bones  of  a 
fossil  animal  at  (Eningcn  were  liiose  of  man,  and  the  fact 
adduced  as  a  proof  of  the  deluge,  we  are  now  ab!e  at  once  to 
dismiss  the  argument  as  nugatory,  and  to  affirm  the  skeleton 
to  be  that  of  a  reptile,  on  the  authority  of  an  able  anatomist ; 
and  when  we  find  among  ancient  writers  the  opinion  of  the  gigan- 
tic stature  of  the  human  race  in  limes  of  old,  grounded  on  the 
magnitude  of  certain  fossil  teeth  and  bone?,  we  are  able  to  affirm 
these  remains  to  belong  to  the  elephant  and  rhinoceros,  on  the 
same  authority. 

But  since  in  our  attempt  to  solve  geological  problems,  we 
shall  be  called  upon  to  refer  to  the  operation  of  aqueous  and 
igneous  causes,  the  geographical  distribution  of  animals  and 
plants,  the  real  existence  of  species,  their  successive  extinction, 
and  so  forth,  we  were  under  the  necessity  of  collecting  together 
a  variety  of  facts,  and  of  entering  into  long  trains  of  reasoning, 
which  could  only  be  accomplished  in  preliminary  treatises. 

These  topics  we  regard  as  constituting  the  alphabet  and 
grammar  of  geology  ;  not  that  we  expect  from  such  studies  to 
obtain  a  key  to  the  interpretation  of  all  geological  phenomena, 
but  because  ihcy  form  the  groundwork  from  which  we  must 
rise  to  the  contemplation  of  more  general  questions  relating  to 
the  complicated  results  to  which,  in  an  indefinite  lapse  of  ages, 
the  existing  causes  of  change  may  give  rise. 


(  s  ) 
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THE  EASTH*S  CHUST. 

Whex  we  examiDe  into  the  stmctmne  <^  the  euth'^s  crust  (by 
vhich  ve  mean  the  small  portioD  of  the  exterior  of  our  planet 
accpwbk  to  human  ob6erTatkxi),wbether  we  pursue  our  mvesti- 
gatioosbyaid  of  mining  operations,or  by  observing  thesectioDS 
laid  open  in  the  sea  cliffs,  or  in  the  deep  ravines  of  mountainous 
countries,  we  discover  everywhere  a  series  of  mineral  masses, 
whidi  are  not  thrown  together  in  a  confused  heap,  but  arranged 
with  considerable  order ;  and  even  where  their  original  position 
has  undergone  great  subsequent  disturbance^  there  still  remain 
proofs  of  the  order  that  once  reigned. 

We  have  already  observed,  that  if  we  drain  a  lake,  we  fre- 
quently find  at  the  bottom  a  series  of  recent  deposits  disposed 
with  considerable  r^ularity  one  above  the  other ;  the  upper- 
most^ perhaps*  may  be  a  stratum  of  peat^  next  below  a  more 
compact  variety  of  the  same^  still  lower  a  bed  of  laminated 
shell  marl,  alternating  with  peat^  and  then  other  beds  of 
marl,  divided  by  layers  of  clay.  Now  if  a  second  pit  be  sunk 
through  the  same  continuous  lacustrine  deposit,  at  some  distance 
from  the  first,  we  often  meet  with  nearly  the  same  series  of 
beds,  yet  with  slight  variations ;  some,  for  example^  of  the 
layers  of  sand,  clay,  or  marl  may  be  wanting,  one  or  more  of 
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theni  having  thinned  out  and  given  place  to  others,  or  some- 
times one  of  the  masses,  first  examined,  is  observed  to  increase 
iQ  thickness  to  the  exclusion  of  other  beds.  Besides  this 
limited  continuity  of  particular  strata,  it  is  obvious  that  the 
whole  assemblage  must  terminate  somewhere  ;  as,  for  example, 
where  they  reach  the  boundary  of  the  original  lake-basin,  and 
where  they  will  come  in  contact  with  the  rocks  which  form  the 
boundary  of,  and,  at  the  same  time,  pass  under  all  the  recent 
accumulations. 

In  almost  every  estuary  we  may  see,  at  low  water,  analogous 
phenomena  where  the  current  has  cut  away  part  of  some  newly- 
formed  bank,  consisting  of  a  series  of  horizontal  strata  of  peat, 
sand,  clay,  and,  sometimes,  interposed  beds  of  shells.  Each  of 
these  may  often  be  traced  over  a  considerable  area,  some  ex- 
tending farther  than  others,  but  all  of  necessity  confined  within 
the  basin  of  the  estuary.  Similar  remarks  arc  applicable,  on  a 
much  more  extended  scale,  to  the  recent  delta  of  a  great  river, 
like  the  Ganges,  after  the  periodical  inundations  have  subsided, 
and  when  sections  are  exposed  of  the  river-banks  and  the  cliffs 
of  numerous  islands,  in  which  horizontal  beds  of  clay  and  sand 
may  be  traced  over  an  area  many  hundred  miles  in  length,  and 
more  than  a  hundred  in  breadth. 

Subaqueous  deposits.  The  greater  part  of  our  continents  are 
evidently  composed  of  subaqueous  deposits  ;  and  in  the  manner 
of  their  arrangement  we  discover  many  characters  precisely  simi- 
lar to  those  above  described  ;  but  the  different  groups  of  strata 
are,  for  the  most  part,  on  a  greater  scale,  both  in  regard  to  depth 
and  area,  than  any  observable  in  the  new  formations  of  lakes, 
deltas,  or  estuaries.  We  find,  for  example,  beds  of  limestone 
several  hundred  feet  in  thickness,  containing  imbedded  corals  and 
shells,  stretching  from  one  country  to  another,  yet  always  giving 
place,  at  length,  to  a  distinct  set  of  strata,  which  either  rise  up 
from  under  it  like  the  rocks  before  alluded  to  as  forming  the 
borders  of  a  lake,  or  cover  and  conceal  it.  In  other  places, 
we  find  beds  of  pebbles,  and  sand,  or  of  elay  of  great  thick- 
ness.    The  different  formations  composed  of  tliese  materialft 
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uffiaD J  oooUun  soniepeciiliirorgaiiiereiiuuiis;  as,  forezsmple, 
oertsin  speciet  of  tbellft  and  oorsls,  or  oertsin  plants. 

Volcanic  rockw*  Besdes  these  strata  of  aqueous  origin,  ws 
find  other  rocks  which  are  immediatelj  recognised  to  be  tbi 
products  of  fire,  from  their  exact  resemblance  to  those  which 
have  been  produced  in  modem  times  bj  Tolcanos,  and  thus 
we  immediately  establish  two  distinct  coders  of  mineral  masses 
composing  the  crust  of  the  globe — the  sedimentary  and  the 
volcanic. 

Primary  rock$.  But  if  we  investigate  a  large  portion  ci  s 
continent  which  contains  within  it  a  lofty  mountain  range,  we 
rarely  fail  to  discover  another  class,  very  distinct  from  either  of 
those  above  alluded  to,  and  which  we  can  neither  assiitiilate  to 
depositssuch  as  are  now  accumulated  in  lakes  or  seas,  nor  to  those 
generated  by  ordinary  volcanic  action.  The  class  alluded  to, 
consists  of  granite,  granitic  schist,  roofing  slate,  and  many  other 
rocks,  of  a  much  more  compact  and  crystalline  texture  than  the 
sedimentary  and  volcanic  divisions  before  mentioned.  In  the 
unstratified  portion  of  these  crystalline  rocks,  as  in  the  granite 
for  example,  no  organic  fossil  remains  have  ever  been  discovered, 
and  pnly  a  few  faint  traces  of  them  in  some  of  the  ttratified 
masses  of  the  same  class;  for  we  should  state,  that  a  consider* 
able  portion  of  these  rocks  are  divided,  not  only  into  strata, 
but  into  laminae,  so  closely  imitating  the  internal  arrangement 
of  well-known  aqueous  deposits,  as  to  leave  scarcely  any  rea- 
sonable doubt  that  they  owe  this  part  of  their  texture  to  similar 
causes. 

These  remarkable  formations  have  been  called  primitive^ 
from  being  supposed  to  constitute  the  most  ancient  mineral 
productions  known  to  us,  and  from  a  notion  that  they  origi* 
nated  before  the  earth  was  inhabited  by  living  beings,  and 
while  yet  the  planet  was  in  a  nascent  state.  Their  high  relative 
antiquity  is  indisputable ;  for  in  the  oldest  sedimentary  strata, 
containing  organic  remains,  we  often  meet  with  rounded  pebbles 
of  the  older  crystalline  rocks,  which  must  therefore  have  been 
consolidated  before  (he  (lerivAtive  strata  were  formed  out  of 
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their  ruins.  They  rise  up  from  beneath  tlie  rocks  of  meclianical 
origin,  entering  into  tlie  structure  of  lofty  mountains,  so  as  to 
constitute,  at  tlie  same  time,  the  lowest  and  the  most  elevated 
portions  of  the  crust  of  the  globe. 

Origin  of  primary  rocks.  Nothing  strictly  analogous  to 
these  ancient  formations  can  now  be  seen  in  the  progress  of 
formation  on  the  habitable  surface  of  the  cailh,  nothing, 
at  least,  witiiin  the  range  of  human  observation.  The  first 
speculators,  however,  in  Geology,  found  no  difficulty  in  ex 
plaining  their  origin,  by  supposing  a  former  condition  of  the 
planet  perfectly  distinct  from  the  present,  when  certain  chemi- 
cal processes  were  developed  on  a  great  scale,  and  whereby 
crystalline  precipitates  were  formed,  some  more  suddenly,  in 
huge  amorphous  masses,  such  as  granite ;  others  by  successive 
deposition  and  with  a  foliated  and  stratified  structure,  as  in 
the  rocks  termed  gneiss  and  mica-schist.  A  great  part  of 
these  views  have  since  been  entirely  abandoned,  more  especially 
with  regard  to  the  origin  of  granite,  but  it  is  interesting  to 
trace  the  train  of  reasoning  by  which  they  were  suggested, 
Firstj  the  stratified  primitive  rocks  exhibited,  as  we  before 
inentioned,  well-defined  marks  of  successive  accumulation, 
analogous  to  those  bo  common  in  ordinary  subaqueous  deposits. 
As  the  latter  formations  were  found  divisible  into  natural 
groups,  characterized  by  certain  peculiarities  of  mineral  com- 
position, so  also  were  the  primitive.  In  the  next  place,  there 
were  discovered,  in  many  districts,  certain  members  of  the 
so-called  primitive  series,  either  alternating  with,  or  passing 
by  intermediate  gradations  into  focks  of  a  decidi;dly  mechani- 
cal origin,  containing  traces  of  organic  remains.  From  such 
gradual  passage  the  aqueous  origin  of  the  stratified  crystalline 
rocks  was  fairly  inferred  ;  and  as  we  find  in  the  different  strata 
of  subaqueous  origin  every  gradation  between  a  mechanical 
and  a  purely  crystalline  texture;  between  sand,  for  example, 
and  saccharoid  gypsum,  the  latter  having,  probably,  been  pre- 
cipitated originally  in  a  crystalline  form,  from  water  containing 
sulphate  of  lime  in  soUtiion,  so  it  was  imagined  tliat,  in  a 
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former  condition  of  the  planet,  the  different  d^rees  of  crys- 
tallization in  the  older  rocks  might  have  been  dependent  oq 
the  varying  state  of  the  menstruum  from  which  they  were 
precipitated. 

The  presence  of  certain  crystalline  ingredients  in  the  com- 
position of  many  of  the  primary  rocks,  rendered  it  necessary 
to  resort  to  many  arbitrary  hypotheses,  in  order  to  explain 
their  precipitation  from  aqueous  solution,  and  for  this  reason  a 
difference  in  the  condition  of  the  planet,  and  of  the  pristine 
energy  of  chemical  causes,  was  assumed.  A  triun  of  specula- 
tion originally  suggested  by  the  observed  effects  of  aqueous 
agents^  was  thus  pushed  ^beyond  the  limits  of  analogy,  and  it 
was  not  until  a  different  and  almost  opposite  course  of  induc- 
tion was  pursued,  beginning  with  an  examination  of  volcanic 
products,  that  more  sound  theoretical  views  were  established. 

Granite  of  igneotis  origin.  As  we  are  merely  desirous,  in 
this  chapter,  of  fixing  in  the  reader's  mind  the  leading  divisions 
of  the  rocks  composing  the  earth's  crust,  we  cannot  enter,  at 
present^  into  a  detailed  account  of  these  researches,  but  shall 
only  observe,  that  a  passage  was  first  traced  from  lava  into  other 
more  crystalline  igneous  rocks,  and  from  these  again  to  granite, 
which  last  was  found  to  send  forth  jdikes  and  veins  into  the  con- 
tiguous strata  in  a  manner  strictly  analogous  to  that  observed 
in  volcanic  rocks,  and  producing  at  the  point  of  contact  such 
changes  as  might  be  expected  to  result  from  the  influence  of  a 
heated  mass  cooling  down  slowly  under  great  pressure  from  a 
state  of  fusion.  The  want  of  stratification  in  granite  supplied 
another  point  of  analogy  in  confirmation  of  its  igneous  origin ; 
and  as  some  masses  were  found  to  send  out  veins  through 
others,  it  was  evident  that  there  were  granites  of  different  ages, 
and  that  instead  of  forming  in  all  cases  the  oldest  part  of  the 
earth's  crust,  as  had  at  first  been  supposed,  the  granites  were 
often  of  comparatively  recent  origin,  sometimes  newer  than  the 
stratified  rocks  which  covered  them. 

Stratified  primary  rocks.  The  theory  of  the  origin  of  the 
other  crystalline  rocks  was  soon  modified  by  these  new  views 
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I  respecting  the  nature  of  granue.  First  it  was  Bhown,  l>y  oume- 
I  rous  examples,  that  ordinary  volcanic  dikes  might  produce  great 
alterations  in  the  sediinentary  strata  which  they  traversed,  caus- 
ing them  to  assume  a  more  crystalline  texture,  and  obliterating 
all  traces  of  organic  remains,  without,  at  the  same  time,  destroy- 
ing either  the  lines  of  stratification,  or  even  those  which  mark  the 
divi^on  into  laminEc.  It  was  also  fuund,  thai  granite  dikes  and 
veins  produced  analogous,  though  somewhat  different  changes ; 
and  hence  it  was  suggested  as  highly  probable,  that  the  effects  to 
which  small  veins  gave  rise,  to  the  distance  of  a  few  yards,  might 
be  superinduced  on  a  much  grander  scale  where  immense  masses 
of  fused  rock,  intensely  heated  for  ages,  came  in  contact  at  great 
depths  from  the  surface  with  sedimentary  formations.  The  slow 
actionof  beat  in  such  cases,it  was  thought,  might  occasion  a  state 
of  semi-fusion,  so  that,  on  the  cooling  down  of  the  masses,  the 
different  materials  might  be  re-arranged  in  new  forms, according 
to  their  chemical  afUni  ties,  and  all  traces  of  organic  remains  might 
disappear,  while  the  stratiform  and  lamellar  texture  remained. 

May  be  of  different  at/es.  According  to  these  views,  the 
primary  strata  may  have  assumed  their  crystalline  structure  at 
as  many  successive  periods  as  tliere  have  been  distinct  eras  of 
the  formation  of  granite,  and  their  difference  of  miiiera!  com- 
position may  be  attributed,  not  to  an  original  difference  of  the 
conditions  under  which  they  were  deposited  at  the  surface,  but 
to  subsequent  modifications  superinduced  by  heal  at  great 
depths  below  the  surface. 

The  strict  propriety  of  the  term  primitive,  as  applied  to  gra- 
nite and  to  thegranitiform  and  associated  rocks,  thus  became 
questionable,  and  the  term  primary  was  very  generally  sub- 
stituted, as  simply  expressing  the  fact,  that  the  crystalline 
rocks,  as  a  mass,  were  older  than  the  secondary,  or  those  which 
are  unequl vocally  of  a  mechanical  origin  and  contain  organic 
remuns. 

2Voii«'/ton  formations.  The  reader  may  readily  conceive, 
even  from  the  hasiy  sketch  which  we  have  thus  given  of  the 
supposed  origin  of  the  stratified  primary  rocks,  that  tliey  moy 
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occasionally  graduate  into  the  secondary ;  accordingly,  an  at- 
tempt was  made,  when  the  classi6cation  of  rocks  was  chiefly 
derived  from  mineral  structure,  to  institute  an  order  calld 
traniition^  the  characters  of  which  were  intermediate  between 
those  of  the  primary  and  secondary  formations.     Some  of  the 
shales,  for  example,  associated  with  these  strata^  often  passed 
insensibly  into  clay  slates,  undistinguishable  from  those  of  the 
granitic  scries ;  and  it  was  often  difficult  to  determine  whether 
some  of  the  compound  rocks  of  this  transition  smes,  called 
greywackcy  were  of   mechanical  or  chemical    origin.      The 
imbedded  organic  remains  were  rare,  and  sometimes  neailj 
obliterated  ;  but  by  their  aid  the  groups  first  called  transition 
were  at  length  identified  with  rocks,  in  other  countries,  which 
had  undergone  much  less  alteration,  and  wherein  shells  and 
loophytes  were  abundant. 

The  term  transition,  however,  was  still  retained,  although 
no  longer  applicable  in  its  original  signification.  It  was  now 
made  to  depend  on  the  identity  of  certain  species  of  oiganised 
fossils;  yet  reliance  on  mineral  peculiarities  was  not  fairly 
abandoned^  as  constituting  part  of  the  characters  of  the  group. 
This  circumstance  became  a  fertile  source  of  ambiguity  and 
confusion;  for  although  the  species  of  the  transition  strata 
denoted  a  certain  epoch,  the  intermediate  state  of  mineral 
character  gave  no  such  indications^  and  ought  never  to  have 
been  made  the  basis  of  a  chronological  division  of  rocks. 

Order  of  succession  of  stratified  mastes.  All  the  subaqueous 
strata  which  we  before  alluded  to  as  overlying  the  primary, 
were  at  first  called  secondary  ;  and  when  they  had  been  found 
divisible  into  difierent  groups,  characterised  by  certain  organic 
remains  and  mineral  peculiarities,  the  relative  position  of  these 
groups  became  a  matter  of  high  interest.  It  was  soon  found 
that  the  order  of  succession  was  never  inverted,  although  the 
different  formations  were  not  coextensively  distributed }  so  that, 
if  there  be  four  difierent  formations,  as  a,  6,  c,  d,  in  the  annexed 
diagram  (No.  1),  which^  in  certain  localities,  may  be  seen 
in  vertical  superposition^  the  uppermost  or  newest  of  them. 
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Hs,  will  in  other  places  be  in  coiita<;t  with  c,  or  with  tlie  lowest 
■  No.  1. 


of  the  whole  scries,  d,  all  the  intermediate  formations  being 
absent. 

Terliary  formafions.  After  some  progress  had  been  made 
in  classifying  the  secondary  rocks,  and  in  assigning  to  each 
its  relative  place  in  a  chronological  series,  another  division  ot 
sedimentary  formations  was  established,  called  terliary,  asheing 
of  newer  origin  than  the  secondary.  The  fossil  contents  of 
the  deposits  belonging  to  this  newly-insliluted  order  are,  upon 
the  whole,  very  dissimilar  from  those  of  the  secondary  rocks. 
Dot  only  all  the  species,  but  many  of  the  most  remarkable 
animal  and  -vegetable  forms,  being  distinct.  The  tertiary  for- 
Diationa  were  also  found  to  consist  very  generally  of  detached 
and  isolated  masses,  surrounded  on  all  sides  by  primary  and 
secondary  rocks,  and  occupying  a  position,  in  reference  to  the 
latter,  very  hke  that  of  the  waters  of  lakes,  inland  seas,  and 
gulfs,  in  relation  to  a  continent,  and,  like  such  waters,  being 
often  of  great  depth,  though  of  limited  area.  The  imbedded 
organic  remains  were  chiefly  those  of  marine  animals,  but  with 
frequent  intermixtures  of  terrestrial  and  freshwater  species  so 
rarely  found  among  the  secondary  fossils.  Frequently  there 
■was  evidence  of  the  deposits  having  been  purely  lacustrine,  a 
circumstance  which  has  never  yet  been  clearly  ascertained  in 
regard  to  any  secondary  group. 

We  shall  consider  more  particularly,  in  the  next  chapter, 
how  far  this  dis^tinction  of  rocks  into  secondary  and  terliary  is 
founded  in  nature,  and  in  what  relation  these  two  orders  of 
mineral  masses  may  be  supposed  to  stand  to  each  other.  But 
before  we  offer  any  general  views  «f  this  kind,  it  may  be  useful 
to  present  the  reader  with  a  succinct  sketch  of  the  principal 
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points  in  the  history  of  the  discovery  and  clssrificstion  of  the 

tertiary  strata. 

Paris  Basin,    The  first  series  of  deposits  bdonging  to  tiiii 

clasSy  of  which  the  characters  were  accurately  detennined^weR 

those  which  occur  in  the  neighbourhood  of  Paris,  first  described 

by  MM.  Cuvier  and  Brongmart*.     They  were  ascertained  to 

fill  a  depression  in  the  chalk  (as  the  beds  d,  in  diagram  No.  S, 

rest  upon  c),  and  to  be  composed  of  different  materials,  some- 
No.  8. 


Of  Primary  rocks. 

b,  Older  secondary  fonnationi.    c,  Chalk. 

d,  Tertiary  formation. 

times  including  the  remains  of  marine  animals,  and  sometimes 
of  freshwater.  By  the  aid  of  these  fossils,  several  distinct  alter- 
nations of  marine  and  freshwater  formations  were  dearly  shown 
to  lie  superimposed  upon  each  other,  and  various  speculations 
were  hazarded  respecting  the  manner  in  which  the  sea  had 
successively  abandoned  and  regained  possession  of  tracts  which 
had  been  occupied  in  the  intervals  by  the  waters  of  rivers  or 
lakes.  In  one  of  the  subordinate  members  of  this  Parisian 
series,  a  great  number  of  scattered  bones  and  skeletons  of  land 
animals  were  found  entombed,  the  species  being  perfectly  dis- 
similar from  any  known  to  exist,  as  indeed  were  those  of  almost 
all  the  animals  and  plants  of  which  any  portions  were  discovered 
in  the  associated  deposits. 

We  shall  defer,  to  another  part  of  this  work,  a  more  detailed 
account  of  this  interesting  formation,  and  shall  merely  observe 
in  this  placc^  that  the  investigation  of  the  fossil  contents  of 
these  beds  forms  an  era  in  the  progress  of  the  science.     The 

*  Environs  de  Parisi  1811. 
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'rench  naturalists  brought  to  bear  upon  their  geological  re- 
aearches  so  much  skill  and  proficiency  in  comparative  anatomy 
^«nd  conchology,  as  to  place  In  a  strong  light  the  importance  of 
the  study  of  organic  remains,  anil  the  comparatively  suborcHnaie 
interest  attached  to  the  mere  investigation  of  the  structure  and 
■nineral  ingredients  of  rocks. 

A  variety  of  tertiary  formations  were  soon  afterwards  found 

other  parts  of  Europe,  as  in  the  south-east  of  England,  in 
iL-ily,  Austria,  and  different  parts  of  France,  especially  in  the 
basins  of  the  Loire  and  Gironde,  all  strongly  contrasted  to 
secondary  rocks.  As  in  the  latter  class  many  different 
divisions  had  been  observed  to  preserve  the  same  mineral  cha- 
racters and  organic  remains  over  wide  areas,  it  was  natural  that 
(U)  attempt  should  first  be  made  to  trace  the  different  subdivi- 
dons  of  the  Parisian  tertiary  strata  throughout  Europe,  for 
some  of  these  were  not  inferior  in  thickness  to  several  of  the 
secondary  formations  that  had  a  wide  range. 

But  in  this  case  the  analogy,  however  probable,  was  not 
found  to  hold  good,  and  the  error,  though  almost  unavoidable, 
retarded  seriously  the  progress  of  geology.  For  as  often  as  a 
new  tertiary  group  was  discovered,  as  that  of  Italy,  for  exam- 
ple, an  attempt  was  invariably  made,  in  the  first  instance,  to 
discover  in  what  characters  it  agreed  with  some  one  or  more 
subordinate  members  of  tlie  Parisian  type.  Every  fancied  point 
of  correspondence  was  magnified  into  undue  importance,  and 
such  trifling  circumstances,  as  the  colour  of  a  bed  of  sand 
or  clay,  were  dwelt  upon  as  proofs  of  identification,  while  the 
difference  in  the  mineral  character  and  organic  contents  of  tlie 
group  from  the  whole  Parisian  series  was  slurred  over  and 
thrown  into  the  shade. 

By  the  influence  of  this  illusion,  the  succession  and  chrono- 
logical relations  of  different  tertiary  groups  were  kept  out  of 
sight.  Tiie  difficulty  of  clearly  discerning  these,  arose  from 
the  frequent  isolation  of  the  position  of  the  tertiary  forma- 
tions before  described,  since,  a  proportion  as  the  areas  occupied 
by  them  are  limited,  it  is  rare  to  discover  a  place  where  one 
Vol.  IJ;.  C 
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set  of  Strata  oyerlap  another,  in  such  a  manner  that  the 
geologist  might  be  enabled  to  determine  the  difference  of  age 
by  direct  superposition. 

ORIGIN  OF  THE  EUROPEAN  TERTIARY  STRATA  AT 

SUCCESSIVE  PERIODS. 

We  shall  now  very  briefly  enumerate  some  of  the  principal 
steps  which  eventually  led  to  a  conviction  of  the  necesuty  of 
referring  the  European  tertiary  formations  to  distinct  periods, 
and  the  leading  data  by  which  such  a  chronological  series  may 
be  established. 

London  and  Hampshire  Basins, — Very  soon  after  the  inves- 
tigation^  before  alluded  to,  of  the  Parisian  strata,  those  of 
Hampshire  and  of  the  basin  of  the  Thames  were  examined  in 
our  own  country.  Mr.  Webster  found  these  English  tertiary 
deposits  to  repose,  like  those  in  France,  upon  the  chalk  or 
newest  rock  of  the  secondary  series.  He  identified  a  great 
variety  of  the  shells  occurring  in  the  British  and  Farinan 
strata,  and  ascertained  that,  in  the  Isle  of  Wight,  an  alter- 
nation of  marine  and  freshwater  beds  occurred,  very  analogous 
to  that  observed  in  the  basin  of  the  Seine*.  But  no  two  sets 
of  strata  could  well  be  more  dissimilar  in  mineral  composition, 
and  they  were  only  recognized  to  belong  to  the  same  era,  by 
aid  of  the  specific  identity  of  their  organic  remains.  The  dis- 
cordance, in  other  respects,  was  as  complete  as  could  well  be 
imagined,  for  the  principal  marine  formation  in  the  one  country 
consisted  of  blue  clay,  in  the  other  of  white  limestone,  and  a 
variety  of  curious  rocks  in  the  neighbourhood  of  Paris^  had 
no  representatives  whatever  in  the  south  of  England. 

Subapennine  Beds, — The  next  important  discovery  of  ter- 
tiary strata  was  in  Italy,  where  Brocchi  traced  them  along  the 
flanks  of  the  Apennines,  from  one  extremity  of  the  peninsula 
to  the  other,  usually  forming  a  lower  range  of  hills,  called  by 
him  the  Subapenninesf .     These  formations^  it  is  true,  had 

•  Webster  in  Englefield's  Isle  of  Wight  and  Geol  Trans.,  vol.  il  p.  161. 

t  Conch.  F088.  Subap.,  1814. 
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bocn  pointed  out  by  the  older  Itiilian  writers,  and  some  correct 
I  ideas,  as  we  have  seen,  had  been  entertained  respecting  tlidr 
I  recent  origin,  as  comparetl  to  the  inclined  secondary  rocks  on 
t  which  they  rested*.     But  accurate  data  were  now  for  the  first 
time  collected,  for  instituting  a  comparison  between  them  and 
other  members  of  tlie  great  European  series  of  tertiary  for- 
mations. 

Urocchi  came  to  tlie  conclusion  that  nearly  one-half  of 
several  Iiundrt'd  species  of  fossil  shells  procured  by  him  from 
lliese  Subapennine  beds  were  identical  with  those  How  living 
ID  existing  seas,  an  observation  which  did  not  hold  true  in 
respect  to  the  organic  remains  of  the  Paris  basin.  It  might 
have  been  supposed  that  this  important  point  of  discrepancy 
M-culd  at  once  have  cnj-endcred  great  doubt  as  to  the  identity, 
in  age,  of  any  part  of  the  Subapennine  beds  to  any  one  mem- 
ber of  the  Parisian  series  ;  but,  for  reasons  above  alluded  to, 
this  objection  was  not  thought  of  much  weight,  and  it  was 
supposed  that  a  group  of  strata,  called  '  the  upper  marine  for- 
mation,' in  the  basin  of  the  Seine,  might  be  represented  hy  all 
the  Subapennine  clays  and  yellow  sand. 

EnglUh  Cray  .-^Several  years  before,  an  English  naturahst, 
Mr.  Parkinson,  had  observed,  that  certain  shelly  strata,  in 
Suffolk,  which  overlaid  the  blue  clay  of  London,  contained 
distinct  fossil  species  of  testacea,  and  timt  a  considerable  por- 
tion of  these  might  be  identified  with  species  now  inhabiting 
the  neighbouring  sca-f".  These  overiying  beds,  which  were 
provinciaJly  termed  '  Crag,"  were  of  small  thickness,  and  were 
Dot  regarded  as  of  much  geological  importance.  But  when 
duly  considered,  they  presented  a  fact  worthy  of  great  atten- 
tion, viz.,  the  superposition  of  a  tertiary  group,  inclosing,  like 
the  Subapennine  beds,  a  great  intermixture  of  recent  species 
of  shells,  upon  beds  wherein  a  very  few  remiuns  of  recent  or 
I  living  species  were  entombed. 

r.  Conybeare,  in  bis  excellent  classification  of  the  English 

*  Scevcl.  i.p.Sl,br  ojimiDniof  Oiloudi,  in  1761. 
t  .GmL  Ttmu.,  rol.  i.  p,  3Z4,  1611. 
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Btrata^y  placed  the  crag  as  the  uppermost  of  the  British  series, 
and  several  geologists  began  soon  to  entertain  an  opinion  that 
this  newest  of  our  tertiary  formations  might  correspond  in  age 
to  the  Italian  strata  described  by  Brocchi. 

Tertiary  Strata  of  Touraine. — The  next  step  towards  esta- 
blishing a  succession  of  tertiary  periods  was  the  evidence 
adduced  to  prove  that  certain  formations,  more  recent  than 
the  uppermost  members  of  the  Parisian  series,  were  also  older 
than  the  Subapennine  beds,  so  that  they  constituted  deposits 
of  an  age  intermediate  between  the  two  types  above  alluded 
to.  M.  Desnoyers,  for  example,  ascertained  that  a  group  of 
marine  strata  in  Touraine,  in  the  basin  of  the  Lioire  (e,  dia- 
gram No.  3),  rest  upon   the  uppermost  subdivision  of  the 

No.  3. 


Taamine 


C,  Chalk  and  other  secondary  formations. 
(/,  Tertiary  fonnation  of  Paris  basin. 
e,  Superimposed  marine  tertiary  beds  of  the  Loire. 

Parisian  group  d,  which  consists  of  a  lacustrine  formation^  ex- 
tending continuously  throughout  a  platform  which  intervenes 
between  the  basin  of  the  Seine  and  that  of  the  Loire.  These 
overlying  marine  strata,  M.  Desnoyers  assimilated  to  the  En- 
glish crag,  to  which  they  bear  some  analogy^  although  their  or- 
ganic remains  differ  considerably^  as  will  be  afterwards  shown. 
A  large  tertiary  deposit  had  already  been  observed  in  the 
south-west  of  France,  around  Bordeaux  and  Dax,  and  a  de- 
scription of  its  fossils  had  been  published  by  M.  de  Basterotf . 
Many  of  the  species  were  peculiar^  and  differed  from  those  of 
the  strata  now  called  Subapennine ;  yet  these  same  peculiar 
and  characteristic  fossils  reappeared  in  Piedmont,  in  a  series  of 

*  Outlines  of  the  Geology  of  England  and  Wales^  1822. 
f  Mem.  de  la  Soc.  d*Hist.  Nat  de  Paris,  tome  ii.,  1825. 
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etrata  inferior  in  posilion  to  ihc  Subapciinines  (as  e  undeilies /, 
dLagram  No.  4). 

No.  4. 


C,  Cbulk  and  dUIw  fartHBliuiiB. 
rf,  London  d»y  (older  (ertiaij). 
r,  TviliBiy  rttula  oT  Bamt  mg*  as  bciU  of  the  Loire. 
/,  Cng  and  Subapennine  leitiary  ilejiostts. 

This  inferior  group,  e,  composed  principally  of  green  sand, 
occurs  in  the  liills  of  Mont  Ferrat,  and  beds  of  tlie  same  age  are 
seen  in  tlic  valley  of  the  Bomiida.  They  also  form  the  hill  of 
the  Superga,  near  Turin,  where  M.  Bonelli  formed  a  large  col- 
lection of  their  fossils,  and  identified  tliem  with  those  discovered 
near  Bordeaux  and  in  the  basin  of  the  Gironde. 

But  we  are  indebted  to  M.  Deshayes  for  having  proved,  by 
a  careful  comparison  of  the  entire  assemblage  of  shells  found  in 
the  above -mentioned  localities,  in  Touraine,  in  the  south-east 
of  France,  and  in  Piedmont,  that  the  whole  of  these  tliree 
groups  possess  ihe  same  zoological  characters,  and  belong  to 
the  same  epoch,  as  also  do  the  sli«llii  described  by  M.  Constant 
Prevost,  as  occurring  in  the  basin  of  Vienna*. 

Now  the  reader  will  perceive,  by  reference  to  the  observa- 
tions above  made,  and  to  the  accompanying  diagrams,  that  one 
of  the  formations  of  this  intervening  period,  e,  has  been  found 
superimposed  upon  the  highest  member  of  the  Parisian  series, 
d ;  while  another  of  the  same  set  has  been  observed  to  under- 
lie the  Subapennine  beds,  /.  Thus  the  chronological  series, 
d,  e,  f,  is  made  out,  in  which  the  deposits,  originally  called 
tertiary,  those  of  the  Paris  and  London  basins,  for  example, 
occupy  the  lowest  posilion,  and  the  beds  called  '  the  Crag,' 
and  '  the  Subapennincs,'  the  highest. 

Tertiary  Strata  nncer  than  the  Subapennine. — The  fossil 

*  SutlaCoBsliiuliou,  it.  duba»»ini]c\iBnne,  Joura.duPliya.,  Nov.  1820. 
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remains  which  characterize  each  of  the  three  succesnre 
periods  above  alluded  to,  approximate  more  nearly  to  the 
assemblage  of  ipecies  now  existing,  in  proportion  as  their 
origin  is  less  remote  from  our  own  era,  or,  in  other  words,  the 
recent  species  are  always  more  numerous,  and  the  extinct  more 
rare,  in  proportion  to  the  low  antiquity  of  the  formation.  But 
the  discordance  between  the  state  of  the  organic  world  indi- 
cated by  the  fossils  of  the  Subapennine  beds  and  the  actual 
state  of  things  is  still  considerable,  and  we  naturally  ask,  are 
there  no  monuments  of  an  intervening  period  ? — no  evidences  of 
a  gradual  passage  from  one  condition  of  the  animate  creation 
to  that  which  now  prevails,  and  which  differs  so  widely  ? 

It  will  appear  in  the  sequel,  that  such  monuments  are  not 
wanting,  and  that  there  are  marine  strata  entering  into  the 
composition  of  extensive  districts,  and  of  hills  of  no  trifling 
height,  which  contain  the  exuvise  of  testacea  and  zoophytes, 
hardly  distinguishable,  as  a  group,  from  those  now  peopling 
the  neighbouring  seas.  Thus  the  line  of  demarcation  between 
the  actual  period  and  that  immediately  antecedent,  is  quite 
evanescent,  and  the  newest  members  of  the  tertiary  series  will 
be  often  found  to  blend  with  the  formations  of  the  historical 
era. 

In  Europe,  these  modem  strata  have  been  found  in  the  dis* 
trict  around  Naples,  in  the  territory  of  Otranto  and  Calabria, 
and  more  particularly  in  the  island  of  Sicily ;  and  the  bare 
enumeration  of  these  localities  cannot  fail  to  remind  the  readert 
that  they  belong  to  regions  where  the  volcano  and  the  earth- 
quake are  now  active^  and  where  we  might  have  anticipated 
the  discovery  of  emphatic  proofs,  that  the  conversion  of  sea 
into  land  had  been  of  frequent  occurrence  at  very  modem 
periods. 


(    2-'     ) 


CHAPTER,  HI. 

Diflrnnt  eiicunuUacas  under  which  the  accondary  and  tertiai;  furmtUiuoB  iiibj 
tiava  origiiulcd^-SiMMiiidaiy  Ktiei  rorined  thea  the  uccua  piuTtiUed!  Tertiary 
dunug  tbe  convenion  of  tea  intu  land,  and  Ihe  growth  uf  a  continent — Ori({iii 
of  inleirupliDii  iu  the  seqtieuce  of  furmalioii!! — The  aci^ai  where  nev  dcprails 
Iske  i^ce  are  olvayi  vaiying — Cuuivs  whicli  occiuicni  Ihii  iTantference  uf  the 
pUe««  of  udimealarj  dcpanliua — Dentiilatiga  au^vDta  the  diKordance  in 
tga  at  rkIu  in  canlact — Uucoafornubility  □[  overlyiag  tonnations — In  what 
maimer  Ihe  ihiiling  of  the  arens  of  sedimentary  depositioa  may  combine  with 
the  gradual  extinction  aod  intioduclion  of  ipecies  to  pruduce  a  aeries  of  depoiitu 
tuviDg  di*liucl  mineial  and  organic  character]. 


Wk  have  already  glanced  at  the  origin  of  some  of  the  prin- 
cipal poiats  of  cliSerence  in  the  characters  of  the  primary  and 
secondary  rocks,  and  may  now  briefly  consider  the  relation  iii 
which  the  secondary  stand  to  the  tertiary,  and  the  causes  of 
that  sucoessioD  of  tertiary  formations  described  in  the  last 
chapter. 

It  18  evident  that  large  parts  of  Europe  were  simultaDeoualy 
submerged  beneath  the  sea  when  different  portions  of  the  secon- 
tUry  series  were  formed,  because  we  find  homogeneous  mineral 
masses,  including  the  remains  of  marine  animals,  refcrrihle  to 
tlie  secondary  period,  extending  over  great  areas ;  whereas  the 
detachiKl  and  isolated  position  of  tertiary  groups,  in  basin 
or  depressions  Imunded  by  secondary  and  primary  rocks, 
favours  the  hypothesis  of  a  sea  interrupted  by  extensive  tracts 
of  dry  land. 

Slate  of  the  Surface  wlien  the  Secondary  Strata  were  formed. 

Let  us  consider  the  changes  that  must  be  expected  to  accom- 

paoy  the  gradual  conversion  of  part  of  the  bed  of  an  ocean  into 

a  continent,  and  the  diiferent  characters  that  might  be  imparled 
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to  subaqueous  deposits  formed  during  the  period  when  the  set 
prevailed,  as  contrasted  with  tliose  that  might  belong  to  the 
subsequent  epoch  when  the  land  should  predominate.  First, 
we  may  suppose  a  vast  submarine  region,  such  as  the  bed  of 
the  western  Atlantic,  to  receive  for  ages  the  turbid  waters  of 
several  great  rivers^  like  the  Amazon,  Orinoco,  or  Mississippi, 
each  draining  a  considerable  continent.  The  sediment  thus 
introduced  might  be  characterized  by  a  peculiar  colour  and 
composition,  and  the  same  homogeneous  mixture  might  be 
spread  out  over  an  immense  area  by  the  action  of  a  powerful 
current,  like  the  Gulf-stream.  First  one  submarine  basin,  and 
then  another,  might  be  filled,  or  rendered  shallow,  by  the  influx 
of  transported  matter,  the  same  species  of  animals  and  plants 
still  continuing  to  inhabit  the  sea,  so  that  the  organic,  as  well 
as  the  mineral  characters,  might  be  constant  throughout  the 
whole  series  of  deposits. 

In  another  part  of  the  same  ocean,  let  us  suppose  masses  of 
coralline  and  shelly  limestone  to  grow,  like  those  of  the  Pacifi(^ 
simultaneously  over  a  space  several  thousand  miles  in  length, 
and  thirty  or  forty  degrees  of  latitude  in  breadth,  while  vol- 
canic eruptions  give  rise,  at  different  intervals,  to  igneous 
rocks,  having  a  common  subaqueous  character  in  different 
parts  of  the  vast  area. 

It  is  evident  that,  during  such  a  state  of  a  certain  quarter 
of  the  globe,  beds  of  limestone  and  other  rocks  might  be 
formed,  and  retain  a  common  character  over  spaces  equal  to  a 
large  portion  of  Europe. 

Siate  of  the  Surface  when  the  Tertiary  Groups  were  formed. 

But  when  the  area  under  consideration  began  to  be  con- 
verted into  land,  a  very  different  condition  of  things  would 
succeed.  A  series  of  subterranean  movements  might  first  give 
rise  to  small  rocks  and  isles,  and  then,  by  subsequent  eleva- 
tions, to  larger  islands,  by  the  junction  of  the  former.  These 
lands  would  consist  partly  of  the  mineral  masses  before  de- 
scribed, vhethcr  coralline,  sedimentary,  or  volcanic,  and  partly 
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of  the  subjacent  rocks,  whatever  they  may  have  been,  which 
constilutcd  the  original  bed  of  the  ocenn.  Now  the  degrada- 
tion of  these  lands  would  commence  immediately  upon  their 
emergence,  the  waves  of  the  sea  undermining  the  cliffs,  and 
torrents  flowing  from  the  surface,  so  that  new  strata  would 
begin  to  form  in  different  places ;  and  in  proportion  as  the 
lands  increased,  these  deposits  would  augment. 

At  length  by  the  continued  rising  and  sinking  of  different 
parts  of  the  bed  of  the  ocean,  s  numlwr  of  distinct  basins 
would  be  formed,  wherein  different  kinds  of  sediment,  each 
distinguished  by  some  local  character,  might  accumulate- 
Some  of  the  groups  of  isles  that  had  first  risen  would,  in 
the  course  of  ages,  become  the  central  mountain  ranges  of  con- 
tinents, and  different  lofty  chains  might  thus  be  characterized 
by  similar  rocks  of  contemporaneous  origin,  the  component 
strata  having  originated  under  analogous  circumstances  in  the 
ocean  before  described. 

Finally,  when  large  tracts  of  land  existed,  there  would  be  a 
variety  of  disconnected  gulfs,  inland  seas,  and  lakes,  each  re- 
ceiving the  drainage  of  distinct  hydrographical  basins,  and 
becoming  the  receptacles  of  strata  distinguished  by  marked 
peculiarities  of  mineral  composition.  The  organic  remains 
would  also  be  more  varied,  for  in  one  locality  freshwater  species 
would  be  imbedded,  as  in  deposits  now  forming  in  the  lakes  of 
Switzerland  and  the  north  of  Italy;  in  another,  marint^  species, 
as  in  [he  Aral  and  Caspian ;  in  a  third  region,  gulfs  of  brackish 
water  would  be  converted  into  land,  like  those  of  Bothnia  and 
Finland  in  the  Baltic;  in  a  fourth,  there  might  be  great  fluvi- 
Btile  and  marine  formations  along  the  borders  of  n  chain  of 
inland  seas,  like  the  deltas  now  growing  at  the  mouths  of  the 
Don,  Danube,  Nile,  Po,  and  Rlione,  along  the  shores  of  the 
.Azof,  Euxine,  and  Mediterranean,  These  deposits  would 
each  partake  more  or  less  of  the  peculiar  mineral  character  of 
adjoining  lands,  the  degradation  of  which  would  supply  sedi- 
ment to  the  different  rivers. 

Now  if  such  be,  in  a  great  meaBure,  the  distinction  between 
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the  droumstanoes  under  whioh  the  seooodary  and  tertiBry 
series  originated^  it  is  quite  natural  that  particular  tertisij 
groups  should  occupy  areas  of  oompamtiveljr  small  extent,^ 
that  they  should  frequently  consist  of  littoral  and  laoustriae 
deposits,  and  that  they  should  often  contain  those  adnuxtims 
of  terrestrial^  freshwater,  and  marine  remains,  which  are  lo 
rare  in  secondary  rocks.  It  might  also  be  expected,  that  the 
tertiary  volcanic  formations  should  be  much  lets  exclusivelj 
submarine,  and  this  we  accordingly  find  to  be  the 


CAUSES  OF  THE  SUPERPOSITION  OF  SUCCESSIVE  FORMATIONS 
HAVING  DISTINCT  MINERAL  AND  ORGANIC  CHARACTERS. 

But  we  have  still  to  account  for  those  remarkable  breaks  in 
tlie  series  of  superimposed  formations,  which  are  common  both 
to  the  secondary  and  tertiary  rocksj  but  are  more  particularly 
frequent  in  the  latter. 

The  elucidation  of  this  curious  point  is  the  more  important^ 
because  geologists  of  a  certain  school  appeal  to  phenomena  of 
this  kind  in  support  of  their  doctrine  of  great  catastrophes, 
out  of  the  ordinary  course  of  nature,  and  sudden  revolutions 
of  the  globe. 

It  is  only  by  carefully  considering  the  combined  action  of  all 
the  causes  of  change  now  in  operation,  whether  in  the  animate 
or  inanimate  world,  that  we  can  hope  to  explain  such  compli- 
cated appearances  as  are  exhibited  in  the  general  arrangement 
of  mineral  masses.  In  attempting,  therefore,  to  trace  the 
origin  of  these  violations  of  continuity,  we  must  re-consider 
many  of  the  topics  treated  of  in  our  two  former  volumes,  such 
as  the  eiFects  of  the  various  agents  of  decay  and  reproduction, 
the  imbedding  of  organic  remains,  and  the  extinction  of 
species. 

Shifting  of  the  Areas  of  Sedimentary  Deposition, — By  re- 
verting to  our  survey  of  the  destroying  and  renovating  agents, 
it  will  be  seen  that  the  surface  of  the  terraqueous  globe  may 
be  divided  into  two  parts,  one  of  which  is  undergoing  repair, 
while  the  other,  constituting,  at  any  one  period,  by  far  the 
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largest  portion  of  the  whole,  is  either  sulFering  degradation, 
or  remaining  stationary  without  loss  or  increment,  Tlie  reader 
will  &Hent  at  once  (o  tbia  proposition,  when  he  reflects  that 
the  drv  land  is,  for  the  most  part,  wasting  by  the  actton  of 
r«iu,  rirerc,  and  torrents,  wliile  tlie  eifecls  of  vegetation  have, 
as  wc  have  sliown,  only  a  conservative  tendency,  being  very 
rarely  instrumental  in  adding  new  masses  of  mineral  matter 
to  the  surface  of  emerged  lands ;  and  when  he  also  reflects  that 
pari  of  the  bed  of  the  sea  is  expu&ed  to  the  excavating  action 
of  currents,  while  the  greater  part,  remote  from  continents 
and  islands,  probably  receives  no  new  deposits  whatever,  being 
covereii  for  agea  with  the  clear  blue  waters  uncharged  with 
sediment.  Here  the  relics  of  organic  beings,  lying  in  the  ooze 
of  the  deep,  may  decompose  like  the  leaves  of  the  forest  in 
autumn,  and  leave  no  wreck  behind,  but  merely  supply 
nourishment,  by  their  decomposition,  to  succeeding  races  of 
marina  animals  and  plants. 

The  other  part  of  the  terraqueous  surface  is  the  receptacle 
of  new  deposits,  and  in  this  portion  alone,  as  wc  pointed  out  in 
Ihc  last  volume,  the  remains  of  animals  and  plants  become 
fossilized.  Now  the  position  of  this  area,  where  new  forma- 
tions are  in  progress,  and  where  alone  any  memorials  of  the 
•late  of  organic  life  are  preserved,  is  always  varying,  and  must 
for  ever  continue  to  vary  ;  and,  for  the  same  reason,  that  p()r- 
tion  of  the  terraqueous  globe  which  is  undergoing  waste,  also 
shifts  its  position,  and  these  fluctuations  depend  partly  on  the 
action  of  aqueous,  and  partly  uf  igneous  causes. 

In  illustration  of  these  positions  we  may  obsen'e,  tliat  the 
sediment  of  the  Rhone,  which  is  thrown  into  the  lake  of  Ge- 
neva, is  now  conveyed  to  a  spot  a  mile  and  a  half  distant  from 
that  where  it  accumulated  in  the  tenth  century,  and  six  miles 
from  the  point  where  tfie  delta  began  originally  to  form.  We 
may  look  forward  to  the  [leriod  when  the  lake  will  be  filled  up, 
and  then  a  sudden  change  will  take  place  in  the  distribution 
of  the  transported  matter;  for  the  mud  and  sand  brought 
down  from  the  Alps  will  thenceforth,  instead  of  being  deposited 
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near  Geneva,  be  carried  nearly  two  hundred  miles  aouthwardi^ 
where  the  Rhone  enters  the  Mediterranean. 

The  additional  matter  thus  borne  down  to  the  lower  ddn 
of  the  Rhone  would  not  only  accelerate  its  increase,  but  m^ 
affect  the  mineral  character  of  the  strata  there  deposited,  nd 
thus  give  rise  to  an  upper  group,  or  subdivision  of  beds,  having 
a  distinct  character.  But  the  filling  up  of  a  ]ake,  and  the 
consequent  transfer  of  the  sediment  to  a  new  place,  may  some- 
times give  rise  to  a  more  abrupt  transition  from  one  group 
to  another ;  as,  for  example,  in  a  gulf  like  that  of  the  St.  Law- 
rence, where  no  deposits  are  now  accumulated,  the  river  hdag 
purged  of  all  its  impurities  in  its  previous  course  tbrou^  the 
Canadian  lakes.  Should  the  lowermost  of  thescf  lakes  be  at 
any  time  filled  up  with  sediment,  or  laid  dry  by  earthquakeSy 
the  waters  of  the  river  would  thenceforth  become  turbid,  and 
strata  would  begin  to  be  deposited  in  the  gulf,  where  a  new 
formation  would  immediately  overlie  the  ancient  rocks  now 
constituting  the  bottom.  In  this  case  there  would  be  an 
abrupt  passage  from  the  inferior  and  more  ancient,  to  the 
newer  superimposed  formation. 

The  same  sudden  coming  on  of  new  sedimentary  deposits, 
or  the  suspension  of  those  which  were  in  progress,  must  fre- 
quently occur  in  different  submarine  basins  where  there  are 
cArcnts  which  are  always  liable,  in  the  course  of  ages,  to 
change  their  direction.  Suppose,  for  instance^  a  sea  to  be 
filling  up  in  the  same  manner  as  the  Adriatic^  by  the  influx  of 
the  Po,  Adige,  and  other  rivers.  The  deltas,  after  advancing 
and  converging,  may  at  last  come  within  the  action  of  a 
transverse  current,  which  may  arrest  the  further  deposition  of 
matter,  and  sweep  it  away  to  a  distant  point.  Such  a  current 
now  appears  to  prey  upon  the  delta  of  the  Nile,  and  to  cany 
eastward  the  annual  accessions  of  sediment  that  once  added 
rapidly  to  the  plains  of  Egypt. 

On  the  other  hand,  if  a  current  charged  with  sediment  vary 
its  course^  a  circumstance  which,  as  we  have  shown,  must  hap- 
pen to  all  of  them  in  the  lapse  of  ages^  the  accumulation  of 
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transported  matter  will  at  once  cease  in  one  regioiij  and  com- 
mence in  anotlier. 

Although  the  causes  which  occasion  the  transference  of  the 
places  of  sedimenlary  deposition  are  continually'  in  action  in 
every  region,  yet  they  are  most  frequent  where  subterranean 
movements  alter,  from  lime  to  tune,  the  levels  of  land,  and 
they  must  be  immense  during  the  successive  elevations  and 
depressions  which  must  be  supposed  to  accompany  the  rise  of 
a  great  continent  from  the  deep.  A  trifling  change  of  level 
may  sometimes  throw  a  current  into  a  new  direction,  or  alter 
the  course  of  a  considerable  river.  Some  tracts  will  be  alter- 
nately submerged  and  laid  dry  by  subterranean  movements ; 
in  one  place  a  shoal  will  be  formed,  wliereby  the  waters  will 
drift  matter  over  spaces  where  they  once  threw  down  their 
burden,  and  new  cavities  will  elsewhere  be  produced,  both 
marine  and  lacustrine,  which  will  intercept  the  waters  bearing 
sediment,  and  thereby  stop  the  supply  once  carried  to  some 
distant  basin. 

We  have  before  stated,  that  a.  few  earthquakes  of  moderate 
power  might  cause  a  subsidence  which  would  connect  the  sea 
of  Azof  with  a  large  part  of  Asia  now  below  the  level  of  the 
ocean.  This  vast  depression,  recently  shown  by  Humboldt  lo 
extend  over  an  area  of  eighteen  thousand  square  leagues,  sur- 
rounds Lake  Aral  and  the  Caspian,  on  the  shores  of  which 
seas  it  sinks  in  some  parts  to  the  depth  of  three  hundred  feet 
below  the  level  of  the  ocean.  The  whole  area  might  thus  sud- 
denly become  the  receptacle  of  new  beds  of  sand  and  shells, 
probably  differing  in  miiicrai  character  from  the  masses  pre- 
viously existing  in  that  country,  for  an  exact  correspondence 
could  only  arise  from  a  precise  identity  in  the  whole  combina- 
tion of  circumstances  which  should  give  rise  to  formations 
produced  at  different  periods  in  the  same  place. 

Without  entering  into  more  detailed  explanations,  the  reader 
will  perceive  that,  according  to  the  laws  now  governing  thi 
aqueous  and  igneous  causes,  distinct  deposits  must,  at  difierent 
periods,  be  thrown  down  on  various  parts  of  the  earth's  surface. 
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and  that,  in  the  course  of  ages  the  same  area  may  become,  tgn 
and  again,  the  receptacle  of  such  dissimilar  sets  of  itnti. 
During  intervening  periods,  the  space  may  either  renuun  im> 
altered,  or  suffer  what  is  termed  denudation,  iq  which  am  t 
superior  set  of  strata  are  removed  by  the  power  of  ruimiiig 
water^  and  subjacent  beds  are  laid  bare,  as  happens  wherever  t 
sea  encroaches  upon  a  line  of  coast.  By  such  means,  it  is  db* 
vious  that  the  discordance  in  age  of  rocks  in  contact  mint 
often  be  greatly  increased. 

The  frequent  unconformability  in  the  stratification  of  the 
inferior  and  overlying  formation  is  another  phenomenon  in 
their  arrangement,  which  may  be  considered  as  a  natural  eon- 
sequence  of  those  movements  that  accompany  the  gradual  con- 
version of  part  of  an  ocean  into  land  ;  for  by  such  convulsions 
the  older  set  of  strata  may  become  rent,  shattered,  inclined, 
and  contorted  to  any  amount.  If  the  movement  entirely  cease 
before  a  new  deposit  is  formed  in  the  same  tract,  the  superior 
strata  may  repose  horizontally  upon  the  dislocated  series.  But 
even  if  the  subterranean  convulsions  continue  with  increasing 
violence,  the  more  recent  formations  must  remain  comparatively 
undisturbed,  because  they  cannot  share  in  the  immense  de- 
rangement previously  produced  in  the  older  beds,  while  the 
latter,  on  the  contrary,  cannot  fail  to  participate  in  all  the 
movements  subsequently  communicated  to  the  newer. 

Change  of  Sjjecies  everywhere  in  progress. — If,  then,  it  be 
conceded,  that  the  combined  action  of  the  volcanic  and  the 
aqueous  forces  would  give  rise  to  a  succession  of  distinct  for- 
mations, and  that  these  would  be  sometimes  unconformable,  let 
us  next  inquire  in  what  manner  these  groups  might  become 
characterized  by  different  assemblages  of  fossil  remains. 

We  endeavoured  to  show,  in  the  last  volume,  that  the  hypo- 
thesis of  the  gradual  extinction  of  certain  animals  and  plants, 
and  the  successive  introduction  of  new  species,  was  quite  con- 
sistent with  all  that  is  known  of  the  existing  economy  of  the 
animate  world  ;  and  if  it  be  found  the  only  hypothesis  which 
is  reconcilable  with  geological    phenomena,  we  shall   have 
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sirong  grounds  for  conceiving  that  such  is  ihe  order  of  na- 
ture. 

Fotdlixation  of  Plants  and  Anivials  partial. — We  liave 
seen  that  the  causes  which  limit  the  duration  of  species  are  not 
con6ned,  at  any  one  time,  to  a  particular  prt  of  the  globe; 
and,  for  the  same  reason,  if  we  suppose  that  their  place  is 
supplied,  from  time  to  time,  by  new  species,  we  may  sup- 
pose their  introduction  to  be  no  less  generally  in  progress. 
Hence,  from  all  the  foregoing  premises,  it  would  follow,  that 
the  change  of  species  would  be  in  simultaneous  operation  every- 
where throughout  the  habitable  surface  of  sea  and  land  ; 
whereas  the  fossilization  of  plants  and  animals  must  always  be 
confined  to  those  areas  where  new  strata  are  produced.  These 
areas,  as  we  have  proved,  are  always  shifting  their  position,  so 
that  the  fossilizing  process,  wliereby  the  commemoratiuii  of 
the  particular  state  of  the  organic  world,  at  any  given  time, 
is  effected,  may  be  said  to  move  about,  visiting  and  revisiting 
different  tracts  in  succession. 

In  order  more  distinctly  to  elucidate  our  idea  of  the  working 
of  this  machinery,  let  us  compare  it  to  a  somewhat  analogous 
case  that  wight  easily  be  imagined  to  occur  in  the  history 
of  human  affairs.  Let  the  mortality  of  the  population  of  a 
large  country  represent  the  successive  extinction  of  species, 
and  the  births  of  new  individuals  the  introduction  of  new 
species.  While  these  fluctuations  arc  gradually  taking  place 
everywhere,  suppose  commissioners  to  be  appointed  to  visit 
each  province  of  the  country  in  succession,  taking  an  exact 
account  of  the  number,  names,  and  individual  peculiarities  of 
all  the  inhabitants,  and  leaving  in  each  district  a  register  con- 
taining &  record  of  this  information.  If,  after  the  completion 
of  one  census,  another  is  immediately  made  after  the  same 
plan,  and  then  another,  there  will,  at  last,  be  a  series  of 
statistical  documents  in  each  province.  When  these  are 
arranged  in  chronological  order,  the  contents  of  those  which 
stand  next  to  each  other  will  differ  according  to  the  length 
of  the  intervals  of  time  between  the  taking  of  each 
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If,  for  example,  all  the  registers  are  made  in  a  angle  yev, 
the  proportion  of  deaths  and  births  will  be  so  small  duiing 
the  interval  between  the  compiling  of  two  consecutive  docu- 
ments, that  the  individuals  described  in  each  will  be  neailj 
identical ;  whereas,  if  there  are  sixty  provinces,  and  the  survey 
of  each  requires  a  year,  there  will  be  an  almost  entire  discord- 
ance between  the  persons  enumerated  in  two  consecutive  leffh 
ters. 

There  are  undoubtedly  some  other  causes  besides  the  meie 
quantity  of  time  which  may  augment  or  diminish  the  amount 
of  discrepancy.  Thus,  for  example,  at  some  periods  a  pesti- 
lential disease  may  lessen  the  average  duration  of  human  life, 
or  a  variety  of  circumstances  may  cause  the  births  to  be 
unusually  numerous,  and  the  population  to  multiply  ;  or,  a  pro- 
vince may  be  suddenly  colonized  by  persons  migrating  from 
surrounding  districts. 

We  must  also  remind  the  reader,  that  we  do  not  propose  the 
above  case  as  an  exact  parallel  to  those  geological  phenomena 
which  wc  desire  to  illustrate  ;  for  the  commissioners  are  sup- 
posed to  visit  the  different  provinces  in  rotation,  whereas  the 
commemorating  processes  by  which  organic  remains  become 
fossilized,  although  they  are  always  shifting  from  one  area  to 
another,  are  yet  very  irregular  in  their  movements.  They  may 
abandon  and  revisit  many  spaces  again  and  again,  before  they 
once  approach  another  district ;  and  besides  this  source  of 
irregularity,  it  may  often  happen,  that  while  the  depositing 
process  is  suspended,  denudation  may  take  place,  which  may  be 
compared  to  the  occasional  destruction  of  some  of  the  statistical 
documents  before  mentioned.  It  is  evident,  that  where  such 
accidents  occur,  the  want  of  continuity  in  the  series  may  be- 
come indefinitely  great,  and  that  the  monuments  which  follow 
next  in  succession  will  by  no  means  be  equidistant  from  each 
other  in  point  of  time. 

If  this  train  of  reasoning  be  admitted,  the  frequent  distinct- 
ness of  the  fossil  remains,  in  formations  immediately  in  contact, 
would  be  a  necessary  consequence  of  the  existing  laws  of 
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sedimentary  deposition,  accompanied  by  the  gradual  birth  and 
death  of  species. 

We  have  already  stated,  that  we  sliould  naturally  look  for 
a  change  in  the  mineral  character  in  strata  thrown  down  at 
distant  intervals  in  the  same  place;  and,  in  like  manner,  we 
must  also  expect,  for  the  reason  last  set  forth,  to  meet  occasion- 
ally with  sudden  transitions  from  one  set  of  organic  remains  to 
another.  But  the  causes  which  have  given  rise  to  such  difTer- 
ences  in  mineral  characters,  have  no  necessary  connexion  with 
those  which  have  produced  a  change  in  the  species  of  imhedded 
plants  and  animals. 

When  the  lowest  of  tivo  sets  of  strata  are  much  dis- 
located over  a  wide  area,  the  upper  being  undisturbed, 
there  is  usually  a  considerable  discordance  in  the  organic  re- 
mains of  the  two  groups ;  but  this  coincidence  must  not  be 
ascribed  to  the  agency  of  the  disturbing  forces,  as  if  they  had 
exterminated  the  Uving  inhabitants  of  the  surface.  The  im- 
mense lapse  of  lime  required  for  the  development  of  so  great  a 
series  of  subterranean  movements,  lias  in  these  cases  allowed 
the  species  also  throughout  the  giobe  to  vary,  and  hence  the 
two  phenomena  are  usually  concomitant, 

Aitliough  these  inferences  appear  to  us  very  obvious,  we 
are  aware  that  tliey  are  directly  opposed  to  many  popular 
theories  respecting  catastrophes ;  we  shall,  therefore,  endeavour 
to  place  our  views  in  a  still  clearer  liglit  before  the  reader. 
Suppose  we  had  discovered  two  buried  cities  at  the  foot  of 
Vesuvius,  immediately  superimposed  upon  each  other,  with  a 
great  mass  of  tuff  and  lava  intervening,  just  as  Portiei  and 
Resina,  if  now  covered  with  ashes,  would  overlie  Hcrculaneum. 
An  antiquary  might  possibly  be  entitled  to  infer,  from  the  in- 
scriptions on  public  edifices,  that  the  inhabitants  of  the  inferior 
and  older  town  were  Greeks,  and  those  of  the  modern,  Italians. 
But  he  would  reason  very  hastily,  if  ho  also  concluded  from 
these  data,  that  there  had  been  a  sudden  change  from  the  Greek 
to  tile  Italian  language  in  Campania.  Suppose  he  afterwards 
found  (Aree  buried  cities,  one  above  the  other,  the  intermediate 
Vw-  UI.  ^ 
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one  being  Roman,  while,  is  in  the  former  example,  the  lowest 
was  Greek,  and  the  uppermost  Italian,  he  would  then  perceiTe 
the  fallacy  of  his  former  opinion,  and  would  begin  to  suspect 
that  the  catastrophes,  whereby  the  cities  were  inhumed,  might 
have  no  relation  whatever  to  the  fluctuations  in  the  language  of 
the  inhabitants ;  and  that,  as  the  Roman  tongue  had  evidendy 
intervened  between  the  Greek  and  Italian,  so  many  other 
dialects  may  have  been  spoken  in  succession,  and  the  passage 
from  the  Greek  to  the  Italian  may  have  been  very  gradual, 
some  terms  growing  obsolete,  while  others  were  introduced 
from  time  to  time. 

If  this  antiquary  could  have  shown  that  the  volcanic  pa- 
roxysms of  Vesuvius  were  lo  governed  as  that  cities  should  be 
buried  one  above  the  other,  just  as  often  as  any  variation 
occurred  in  the  language  of  the  inhabitants,  then,  indeed,  the 
abrupt  passage  from  a  Greek  to  a  Roman,  and  from  a  Roman 
to  an  Italian  city,  would  afibrd  proof  of  fluctuations  no  lesi 
sudden  in  the  language  of  the  people. 

So  in  Geology,  if  we  could  assume  that  it  is  part  of  the  plan 
of  nature  to  preserve,  in  every  region  of  the  globe,  an  unbroken 
series  of  monuments  to  commemorate  the  vicissitudes  of  the 
organic  creation,  we  might  infer  the  sudden  extirpation  of 
species,  and  the  simultaneous  introduction  of  others,  as  often 
as  two  formations  in  contact  include  dissimilar  orgmic  fosuls. 
But  we  must  shut  our  eyes  to  the  whole  economy  of  the 
existing  causes,  aqueous,  igneous,  and  organic^  if  we  fail  to 
perceive  that  mch  is  not  the  plan  of  Nature. 
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DETERMINATION  OF  THE  RELATIVE  AGES  OF  ROCKS. 

In  attempting  to  classify  the  mineral  masses  which  compose 
the  crust  of  the  earth,  the  principal  ohject  which  the  gMJogist 
must  keep  in  view,  is  to  determine  with  accuracy  their  chrono- 
logical relations,  for  it  is  abundBnlly  clear,  that  different  rocks 
have  been  formed  in  succession;  and  in  order  thoroughly  to 
comprehend  (lie  manner  in  which  they  enter  into  the  structure 
of  our  continents,  we  should  study  them  with  reference  to  the 
time  and  mode  of  their  formation. 

We  shall  now,  therefore,  consider  by  what  characters  the 
relative  ages  of  different  rocks  maybe  esiablished,  whereby  we 
may  be  supplied  at  once  with  sound  information  of  the  greatest 
practical  utility,  and  which  may  throw,  at  the  same  time,  the 
fullest  light  on  the  ancient  history  of  the  globe. 

Proofs  ofTeluilve  age  by  superposilion. 
It  is  evident  that  where  we  find  a  series  of  horizontal  strata, 
of  sedimentary  origin,  the  uppermost  bed  must  be  older  than 
those  which  it  overlies,  and  that  when  we  observe  one  distinct 
set  of  strata  reposing  upon  another,  the  inferior  is  the  older 
of  the  two.     In  countries  where  the  original  poaitioD  of  mineral 


I 


36  DBTBRMINATION  OP  THE  [CklV. 

masses  has  been  disturbed,  at  different  periods,  by  oonyolaaiis 
of  extraordinary  violence,  as  in  the  Alps  and  other  mountain- 
ous districts,  there  are  instances  where  the  original  position  of 
strata  has  been  reversed ;  but  such  exceptions  are  rare»  and  are 
usually  on  a  small  scale,  and  an  experienced  observe:  can 
generally  ascertain  the  true  relations  of  the  rocks  in  question, 
by  examining  some  adjoining  districts  where  the  derangement 
has  been  less  extensive. 

In  r^ard  to  volcanic  formations,  if  we  find  a  stratum  of  tuff 
or  ejected  matter,  or  a  stream  of  lava  covering  sedimentary 
strata,  we  may  infer,  with  confidence,  that  the  igneous  rock  is 
the  more  recent ;  but,  on  the  other  hand,  the  superposition  ci 
aqueous  deposits  to  a  volcanic  mass  does  not  always  prove  the 
former  to  be  of  newer  origin.  If,  indeed,  we  discover  strata  of 
tuff  with  imbedded  shells,  or,  as  in  the  Vicentine  and  other 
places,  rolled  blocks  of  lava  with  adhering  shells  and  corals, 
we  may  then  be  sure  that  these  masses  of  volcanic  origin  covered 
the  bottom  of  the  sea,  before  the  superincumbent  strata  were 
thrown  down.  But  as  lava  rises  from  below,  and  does  not 
always  reach  the  surface,  it  may  sometimes  penetrate  a  certain 
number  of  strata,  and  then  cool  down,  so  as  to  constitute  a 
solid  mass  of  newer  origin,  although  inferior  in  position.  It  is, 
for  the  most  part,  by  the  passage  of  veins  proceeding  from 
such  igneous  rocks  through  contiguous  sedimentary  strata,  or 
by  such  hardening  and  other  alteration  of  the  overljring  bed,  as 
might  be  expected  to  result  from  contact  with  a  heated  mass, 
that  we  are  enabled  to  decide  whether  the  volcanic  matter  was 
previously  consolidated,  or  subsequently  introduced. 

Proofs  by  included  fragments  of  older  rocks. 

A  geologist  is  sometimes  at  a  loss,  after  investigating  a  dis- 
trict composed  of  two  distinct  formations,  to  determine  the 
relative  ages  of  each,  from  want  of  sections  exhibiting  their 
superposition.  In  such  cases,  another  kind  of  evidence,  of  a 
character  no  less  conclusive,  can  sometimes  be  obtained.  One 
group  of  strata  has  frequently  been  derived  from  the  degrada- 
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tion  of  another  in  tlie  immediate  neighbourhood,  and  may  be 
observed  to  include  within  it  fragments  of  such  older  rocks. 
Thus,  for  example,  we  may  find  chalk  with  flinis,  and  in 
another  part  of  ihe  same  conntry,  a  distinct  scries,  consisting  of 
alternationE  of  cluy,  sand,  and  pebbles.  If  some  of  these  peb- 
bles consist  of  flinis,  with  silicified  fossil  shells  of  the  same 
species  as  those  in  the  cholk,  we  may  con6dently  infer,  that  the 
chalk  is  the  oldest  of  the  two  formations. 

We  remarked  in  the  second  chapter,  that  some  granite  must 
have  existed  before  the  most  ancient  of  our  secondary  rocks, 
because  some  of  the  latter  contain  rounded  pehbles  of  granite. 
But  for  the  existence  of  such  evidence,  we  might  not  have  felt 
assured  that  all  the  granite  which  we  see  had  not  been  pro- 
truded from  below  in  a  stale  of  fusion,  subsequently  to  the 
origin  of  the  secondary  strata. 

Proofi  of  contemporaneous  origin  derired  from  mineral 
characters. 

When  we  have  established  the  relative  age  of  two  forma- 
tions in  a  given  place,  by  direct  superposition,  or  by  other 
evidence,  a  far  more  difficult  task  remains,  to  trace  the  conti- 
nuity of  the  same  formation,  or,  in  other  cases,  to  find  means 
of  referring  detached  groups  of  rocks  to  a  contemporaneous 
origin.  Such  identifications  in  age  are  chiefly  derivable  from 
two  sources — mineral  character  and  organic  contents  ;  but  the 
Utmost  skill  and  caution  are  required  in  the  application  of 
Buch  tests,  for  scarcely  any  general  rules  can  be  laid  down  re- 
specting either,  that  do  not  admit  of  important  exceptions. 

If,  at  certain  periods  of  the  past,  rocks  of  peculiar  mineral 
composition  had  been  precipitated  simultaneously  upon  the 
floor  of  an  '  universal  ocean,' so  as  to  invest  the  whole  earth  in  a 
succession  of  concentric  coats,  the  determination  of  relative 
dates  in  geology  might  have  been  a  matter  of  the  greatest  sim- 
plicity. To  explain,  indeed,  the  phenomenon  would  have 
been  diflicult,  or  rather  impossible,  as  such  appearances  would 
have  implied  a  former  state  of  the  globe,  without  any  analogy 
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to  that  now  prevailing.  Suppow,  for  example,  there  were  tbne 
masses  extending  over  every  continent, — the  upper  of  dudk 
and  chloritic  sand  ;  the  next  below,  of  blue  argillaceous  Unt- 
stone ;  and  the  third  and  lowest,  of  red  marl  and  aandstcnc ; 
we  must  imagine  that  all  the  rivers  and  currenta  of  the  world 
had  been  charged,  at  the  first  period,  with  red  mud  and  sand; 
at  the  second,  with  blue  calcareo-argillaoeous  mud  }  aad  at  t 
subsequent  epoch,  with  chalky  sediment  and  chloritic  land. 

But  if  the  ocean  were  universal,  there  could  have  been  no 
land  to  waste  away  by  the  action  of  the  sea  and  rivers,  and, 
therefore,  no  known  source  whence  the  homogeneous  sedimen- 
tary matter  could  have  been  derived.  Few,  perhaps^  of  the 
earlier  geologists  went  so  far  as  to  believe  implimtly  in  such 
universality  of  formations,  but  they  inclined  to  an  opinioo,  that 
they  were  continuous  over  areas  almost  indefinite ;  and  since 
such  a  disposition  of  mineral  masses  would,  if  true,  have  been 
the  least  complex  and  most  convenient  for  the  purposes  of  clas- 
sification, it  is  probable  that  a  belief  in  its  reality  was  often 
promoted  by  the  hope  that  it  might  prove  true.  As  to  the 
objection,  that  such  an  arrangement  of  mineral  masses  oould 
never  result  from  any  combination  of  causes  now  in  action,  it 
never  weighed  with  the  earlier  cultivators  of  the  science,  since 
they  indulged  no  expectation  of  being  ever  able  to  account  for 
geological  phenomena  by  reference  to  the  known  economy  of 
nature.  On  the  contrary,  they  set  out,  as  we  have  already  seen, 
with  the  assumption  that  the  past  and  present  conditions  of  the 
planet  were  too  dissimilar  to  admit  of  exact  comparison. 

But  if  we  inquire  into  the  true  composition  of  any  stratum, 
or  set  of  strata,  and  endeavour  to  pursue  these  continuously 
through  a  country,  wc  often  find  that  the  character  of  the 
mass  changes  gradually,  and  becomes  at  length  so  different, 
that  we  should  never  have  suspected  its  identity,  if  we  had  not 
been  enabled  to  trace  its  passage  from  one  form  to  another. 

We  soon  discover  that  rocks  dissimilar  in  mineral  compo- 
sition have  originated  simultaneously;  we  find,  moreover, 
evidence  in  certain  districts,  of  the  recurrence  of  rocks  of  pre- 
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elsely  ihe  Mine  mineral  character  at  very  different  periods ;  as, 
for  example,  two  furmutions  of  red  sandstone,  with  a  great 
series  of  other  strata  intervening  between  them.  Such  repeti- 
tions might  have  been  anlicipaied,  since  these  red  sandstones 
produced  by  the  decomposition  of  granitic,  gneiss,  and  mica- 
schist ;  and  districts  composed  exclusively  of  these,  must  again 
and  again  be  exposed  to  decomposition,  and  to  the  erosive 
action  of  running  water. 

But  notwithstanding  the  variations  before  alluded  to  in 
the  composition  of  one  continuous  set  of  strata,  many  rocks 
retain  the  same  homogeneous  structure  and  composition, 
throughout  considerable  areas,  and  frequently,  after  a  change 
of  mineral  character,  preserve  their  new  pecuharilies  throughout 
another  tract  of  great  extent.  Thus,  for  example,  we  may 
trace  a  limestone  for  a  hundred  miles,  and  then  observe  that  it 
becomes  more  arenaceous,  until  it  linally  passes  into  sand  or 
sandstone.  We  may  then  follow  the  last-mentioned  formation 
throughout  another  district  as  extensive  as  that  occupied  by  tiie 
limestone  first  examined. 

Proofi  of  contemporaneous  origin  derived  from  organic 


We  devoted  several  chapters,  in  the  last  volume,  to  show 
tliat  the  habitable  surface  of  the  sea  and  land  may  be  divided 
into  a  considerable  number  of  distinct  provinces,  each  peopled 
by  a  peculiar  assemblage  of  animals  and  plants,  and  wc  endea- 
voured to  point  out  the  origin  of  these  separate  divisions  It 
was  shown  that  climate  is  only  one  of  many  causes  on  which 
they  depend,  and  that  difference  of  longitude,  as  well  as  lati- 
tude, is  generally  accompanied  by  a  dissimilarity  of  indigenous 
species  of  organic  beings. 

As  different  seas,  therefore,  and  lakes  are  inhabited  at  the 
same  period,  by  different  species  of  aquatic  animals  and  plants, 
and  as  the  lands  adjoining  these  may  be  peopled  by  distinct 
terrestrial  species,  it  follows  that  distinct  organic  remains  are 
imbedded  in  contemporaneous  deposits.     If  it  were  otherwise 
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— ^if  the  same  species  abounded  in  erery  dimate,  or  even  ia 
every  part  of  the  globe  where  a  oorresponding  temperature 
and  other  conditions  favourable  to  their  existence  were  fouodi 
the  identification  of  mineral  masses  of  the  same  age,  by  mem 
of  their  included  organic  contents,  would  be  a  matter  of  modi 
greater  facility. 

But>  fortunately,  the  extent  of  the  same  zoological  pioviDcaii 
especially  those  of  marine  animals,  is  very  great,  so  that  we 
are  entitled  to  expect,  from  analogy,  that  the  identity  of  fonil 
species,  throughout  large  areas,  will  often  enable  us  to  connect 
together  a  great  variety  of  detached  and  dissimilar  formations. 

Thus,  for  example,  it  will  be  seen,  by  reference  to  our  first 
volume,  that  deposits  now  forming  in  different  parts  of  the 
Mediterranean,  as  in  the  deltas  of  the  Rhone  and  the  Nile, 
are  distinct  in  mineral  composition ;  for  calcareous  rocks  are 
precipitated  from  the  waters  of  the  former  river,  while  pebbles 
are  carried  into  its  delta,  and  there  cemented,  by  carbonate  of 
lime,  into  a  conglomerate ;  whereas  strata  of  soft  mud  and  fine 
sand,  are  formed  exclusively  in  the  Nilotic  delta.  The  Fo, 
again,  carries  down  fine  sand  and  mud  into  the  Adriatic ;  but 
since  this  sediment  is  derived  from  the  degradation  of  a  differ- 
ent assemblage  of  mountains  from  those  drained  by  the  Rhone 
or  the  Nile,  we  may  safely  assume  that  there  will  never  be  an 
exact  identity  in  their  respective  deposits. 

If  we  pass  to  another  quarter  of  the  Mediterranean,  as,  for 
example,  to  the  sea  on  the  coast  of  Campania,  or  near  the  base 
of  Etna  in  Sicily,  or  to  the  Grecian  archipelago,  we  find  in  all 
these  localities  that  distinct  combinations  of  rocks  are  in  pro- 
gress. Occasional  showers  of  volcanic  ashes  are  falling  into 
the  sea,  and  streams  of  lava  are  flowing  along  its  bottom ; 
and  in  the  intervals  between  volcanic  eruptions,  beds  of  sand 
and  clay  are  frequently  derived  from  the  waste  of  cliffs,  or  the 
turbid  waters  of  rivers.  Limestones,  moreover,  such  as  the 
Italian  travertins,  are  here  and  there  precipitated  from  the 
waters  of  mineral  springs,  while  shells,  and  corals  accumulate 
in  various  localities.    Yet  the  entire  Mediterranean,  where  the 
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above-mentioned  fomtatioriB  at^  simultaneously  in  progress, 
may  be  considered  as  one  zoological  province ;  for,  although 
certain  species  of  testacea  and  zoopliytes  may  be  very  local,  and 
each  region  may  probably  have  some  species  peculiar  to  it,  still 
a  considerable  number  are  common  to  the  whole  sea.  If, 
therefore,  at  some  future  period,  the  bed  of  this  inland  sea 
should  be  converted  into  land,  the  geologist  might  be  enabled, 
by  reference  to  organic  remains,  to  jirove  (he  contemporaneous 
origin  of  various  mineral  masses  throughout  a  space  equal  in 
area  to  a  great  portion  of  Europe.  The  Black  Sea,  moreover, 
is  inhabited  by  so  many  identical  species,  that  the  delta  of  the 
Danube  and  the  Don  might,  by  the  same  evidence,  be  shown 
to  have  originated  simultaneously. 

Such  identity  of  fossils,  we  may  remark,  not  only  enables  us 
to  refer  to  the  same  era,  distinct  rocks  widely  separated  from 
each  other  in  the  horizontal  plane,  but  also  others  which  may 
be  considerably  distant  in  the  vertical  series.  Thus,  for  ex- 
ample, we  may  find  alternating  beds  of  clay,  sand,  and  lava, 
two  thousand  feet  in  thickne.ss,  the  whole  of  which  may  be 
proved  to  belong  to  the  same  epoch,  by  the  specific  identity  of 
the  fossil  sheila  dispersed  throughout  the  whole  series.  It 
may  be  objected,  that  different  species  would,  during  the  same 
zoological  priod,  inhabit  the  sea  at  different  depths,  and  that 
the  case  above  supposed  could  never  occur  ;  but,  for  reasons 
explained  in  the  last  volume*,  wc  believe  that  rivers  and  tidal 
currents  often  act  upon  the  banks  of  littoral  shells,  so  that  a  sea 
of  great  depth  may  be  filled  with  strata,  containing  throughout 
a  considerable  number  of  the  same  fossils. 

The  reader,  however,  will  perceive,  by  referring  to  what  we 
have  said  of  zoological  provinces,  that  they  are  sometimes  sepa- 
rated from  each  other  by  very  narrow  barriers,  and  for  this 
reason  contiguous  rocks  may  be  formed  at  the  same  time,  dif- 
fering widely  both  in  mineral  contents  and  organic  remains. 
Thus,  for  example,  the  testacea,  zoophytes,  and  fish  of  the  Red 
Sea,  may  be  considered,  as  a  group,  to  be  very  distinct  from 
•  Cl»p.  Mii.  p.  230. 
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those  inhabiting  the  adjdning  parts  of  the  MadilemuMtti 
although  the  two  seas  are  only  separated  hj  the  narrow  islhmiii 
of  Suez.  We  shall  show,  in  a  subsequent  chapter,  that  oalos* 
reous  formations  have  accumulated,  on  a  great  scale,  in  the  Ssd 
Sea,  in  modem  times,  and  that  fossil  shells  of  existing  spedei 
are  well  preserved  therein ;  while  we  know  that,  at  th«  moudi 
of  the  Nile,  large  deposits  of  mud  are  amassed,  including  the 
remains  of  Mediterranean  species.  Hence  it  fcdlowa  that  if, 
at  some  future  period,  the  bed  of  the  Red  Sea  should  be  kid 
dry,  the  geologist  might  experience  great  difficulties  in  en« 
deavouring  to  ascertain  the  relative  age  of  these  formatioiis, 
which,  although  dissimilar  both  in  organic  and  mineral  cbane* 
ters,  were  of  synchronous  origin. 

There  might,  perhaps,  be  no  means  of  clearing  up  the  ob- 
scurity of  such  a  question,  yet  we  must  not  forget  that  the 
north-western  shores  of  the  Arabian  Gulf,  the  jAsdns  of  Egypt, 
and  the  isthmus  of  Suez,  are  all  parts  of  one  province  of  terret^ 
trial  species.  Small  streams,  therefore,  occasional  land-floods, 
and  those  winds  which  drift  clouds  of  sand  along  the  deserts, 
might  carry  down  into  the  Red  Sea  the  same  shells  of  fluviaUle 
and  land  tcstacea,  which  the  Nile  is  sweeping  into  its  delta, 
together  with  some  remuns  of  terrestrial  plants,  whereby  the 
groups  of  strata,  before  alluded  to,  might,  notwithstanding  the 
discrepancy  of  their  mineral  composition,  and  marifie  organic 
fossils,  be  shown  to  have  belonged  to  the  same  epoch. 

In  like  manner,  the  rivers  which  descend  into  the  Caribbean 
Sea  and  Gulf  of  Mexico  on  one  side,  and  into  the  Pacific  on 
the  other,  carry  down  the  same  fluviatile  and  terrestrial  spoils 
into  seas  which  are  inhabited  by  different  groups  of  marine 
species. 

But  it  will  much  more  frequently  happen^  that  the  coexist- 
ence of  terrestrial  species,  of  distinct  zoological  and  botanical 
provinces,  will  be  proved  by  the  specific  identity  of  the  marine 
organic  remains  which  inhabited  the  intervening  space.  Thus, 
for  example,  the  distinct  terrestrial  species  of  the  south  of 
Europe,  north  of  Africa,  and  nprth- west  of  Asia,  might  all  be 
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iJiown  to  have  been  contemporaneous,  if  we  suppose  tbe  riven 
flowing  from  those  three  countries  to  carry  the  remains  of 
di0erent  K]>ecie3  of  ihe  animal  nnd  vegetable  kingdoms  into  tbe 
Mediterranean. 

In  like  manner,  the  sea  intervening  between  the  northern 
ahoree  of  Australia  and  the  islands  of  the  Indian  ocean,  con- 
tsinit  a  great  proportion  of  the  same  species  of  corallines  and 
testacca,  yet  the  land  antmah  and  plants  of  the  two  regions  are 
Tery  dissimilar,  even  the  islands  nearest  to  Australia,  as  Java, 
New  Guinea,  and  others,  being  inliabitcd  by  a  distinct  assem- 
blage of  terrestrial  species-  It  is  well  known  that  there  are 
calcareous  rocks,  volcanic  tuff,  and  other  strata  in  progress,  in 
different  parts  of  these  intermediate  seas,  wherein  marine 
organic  remains  might  he  preserved  and  associated  with  the 
terrestrial  fossils  above  alluded  lo. 

J\s  it  frequently  happens  that  the  barriers  between  differ- 
ent provinces  of  animals  and  plants  are  not  very  strongly 
marked,  especially  where  they  are  determined  by  differences  of 
temperature^  there  will  usually  be  a  passage  from  one  set  of 
apecics  to  another,  as  in  a  sea  extending  from  the  temperate  to 
the  tropical  zone.  In  such  cases,  we  may  be  enabled  to  prove, 
by  the  fossils  of  intermediate  deposits,  tbe  connexion  between 
the  distinct  provinces,  since  these  intervening  spaces  will  be 
inhabited  by  many  species,  common  both  to  the  temperate  and 
equatorial  seas. 

On  the  other  hand,  we  may  be  sometimes  able,  by  aid  of  a 
peculiar  homogeneous  deposit,  to  prove  the  former  coexistence 
of  distinct  animals  and  plants  in  distant  regions.  Suppose,  fur 
example,  that  in  the  course  of  ages  tbe  sediment  of  a  river,  like 
that  of  the  Red  Iliver  in  Louisiana,  is  dispersed  over  an  area 
several  hundred  leagues  in  length,  so  as  to  pass  from  the  tropics 
into  the  temperate  zone,  the  fossil  remains  imbedded  in  red 
mud  might  indicate  the  different  forms  which  inhabited,  at  the 
same  period,  those  remote  regions  of  the  earth. 

It  appears,  then,  that  mineral  and  organic  characters,  although 
often  inconstant,  niay,  pevertheless,  enable  us  to  establish  the 
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contemporaneous  origin  of  formations  in  distant  countries.  As 
the  same  species  of  organic  beings  usually  extend  over  wider 
areas  than  deposits  of  a  homogeneous  oompoation,  they  are 
more  valuable  in  geological  classification  than  mineral  pecolii- 
rities ;  but  it  fortunately  happens,  that  where  the  one  critenon 
fails,  we  can  often  avail  ourselves  of  the  other.  Thus,  fo 
example,  sedimentary  strata  are  as  likely  to  preserve  the  same 
colour  and  compontion  in  a  part  of  the  ocean  reaching  from  die 
borders  of  the  tropics  to  the  temperate  zone,  as  in  any  other 
quarter  of  the  globe ;  but  in  such  spaces  the  variation  of  species 
is  always  most  considerable. 

In  r^ard  to  the  habitations  of  species,  the  marine  tribes  are 
of  more  importance  than  the  terrestrial,  not  only  because  thej 
are  liable  to  be  fossilized  in  subaqueous  deports  in  the  great- 
est abundance,  but  because  they  have,  for  the  most  part,  a 
wider  geographical  range.  Sometimes,  however,  it  may  hap- 
pen, as  we  have  shown,  that  the  remains  of  species  of  some 
one  province  of  terrestrial  plants  and  animals  may  be  carried 
down  into  two  seas  inhabited  by  distinct  marine  species;  and 
here  again  we  have  an  illustration  of  the  principle,  that  when 
one  means  of  identification  fails,  another  is  often  at  hand  to 
assist  us. 

In  conclusion,  we  may  observe,  that  in  endeavouring  to 
prove  the  contemporaneous  origin  of  strata  in  remote  countries 
by  organic  remains,  we  must  form  our  conclusions  from  a  great 
number  of  species,  since  a  single  species  may  be  enabled  to 
survive  vicissitudes  in  the  earth's  surface,  whereby  thousands 
of  others  are  exterminated.  When  a  change  of  climate  takes 
place,  some  may  migrate  and  become  denizens  of  other  latitudes, 
and  so  abound  there,  as  to  characterize  strata  of  a  subsequent 
era.  In  the  last  volume  we  have  stated  our  reasons  for  in- 
ferring that  such  migrations  are  never  sufficiently  general  to 
interfere  seriously  with  geological  conclusions,  provided  we  do 
not  found  our  theories  on  the  occurrence  of  a  small  number  of 
fossil  species. 
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We  explained  in  the  last  chapter  the  principles  on  which  the 
TeUtivc  ages  of  different  formation  s  may  be  ascertained,  and  we 
found  the  character  to  be  ciiiefly  derivable  from  superposition, 
mineral  structure,  and  organic  remains.  It  is  by  combining 
the  evidence  deducible  from  all  these  sources,  that  we  deter- 
mine  the  chronological  succession  of  distinct  formations,  and 
this  principle  is  well  illustrated  by  the  investigation  of  those 
European  tertiary  strata  to  the  discovery  of  whicli  we  have 
already  alludeil. 

It  will  be  seen,  that  in  proportion  as  we  have  extended  our 
inquiries  over  a  larger  area,  it  lias  become  necessary  to  interca- 
late new  groups  of  an  age  interme<liate  between  those  first  exa- 
mined, and  we  have  every  reason  to  expect  that,  as  the  science 
advances,  new  links  in  the  chain  will  be  supplied,  and  that  the 
passage  from  one  period  to  anollier  will  become  less  abrupt. 
We  may  even  hope,  without  travelling  to  distant  regions, — 
without  even  transgressing  tlie  limits  of  western  Europe,  to 
Pender  the  series  far  more  complete.  The  fossil  thell.^,  for 
example,  of  many  of  the  Subalpine  formations,  on  the  northern 
limita  of  the  plain  of  the  Po,  have  not  yet  been  carefully  col- 
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lected  and  compared  with  those  of  other  countries,  and  ire  are 
almost  entirely  ignorant  of  many  deposits  known  to  exist  ia 
Spain  and  Portugal. 

The  theoretical  views  developed  in  the  last  chapter,  respect- 
ing breaks  in  the  sequence  of  geological  monuments,  will  ex* 
plain  our  reasons  for  anticipating  the  discovery  of  intemneditte 
gradations  as  often  as  new  regions  of  great  extent  are  explored. 

Comparative  value  of  different  cUuses  of  organic  rematni« 

In  the  mean  time,  we  must  endeavour  to  make  the  most  sjrste- 
matic  arrangement  in  our  power  of  those  formations  which  are 
already  known,  and  in  attempting  to  classify  these  in  chrooo- 
logical  order,  we  have  already  stated  that  we  must  chiefly 
depend  on  the  evidence  afforded  by  their  fossil  organic  con- 
tents. In  the  execution  of  this  task,  we  have  first  to  consider 
what  class  of  remains  are  most  useful,  for  although  every  kind 
of  fossil  animal  and  plant  is  interesting,  and  cannot  fail  to 
throw  light  on  the  former  history  of  the  globe  at  a  certain 
period,  yet  those  classes  of  remains  which  are  of  rare  and  casual 
occurrence,  are  absolutely  of  no  use  for  the  purposes  of  general 
classification.  If  we  have  nothing  but  plants  in  one  assemblage 
of  strata,  and  the  bones  of  mammalia  in  another,  we  can  ob- 
viously draw  no  conclusion  respecting  the  number  of  species  of 
organic  beings  common  to  two  epochs ;  or  if  we  have  a  great 
variety,  both  of  vertcbrated  animals  and  plants,  in  one  series, 
and  only  shells  in  another,  we  can  form  no  opinion  respecting 
the  remoteness  or  proximity  of  the  two  eras.  We  might,  per- 
haps, draw  some  conclusions  as  to  relative  antiquity,  if  we  could 
compare  each  of  these  monuments  to  a  third ;  as,  for  example,  if 
the  species  of  shells  should  be  almost  all  identical  with  those 
now  living,  while  the  plants  and  vertebrated  animals  were  all  ex- 
tinct ;  for  we  might  then  infer  that  the  shelly  deposit  was  the 
most  recent  of  the  two.  But  in  this  case  it  will  be  seen  that 
the  information  flows  from  a  direct  comparison  of  the  species  of 
corresponding  orders  of  the  animal  and  vegetable  kingdoms,— 
of  plants  with  plants,  and  shells  with  shells;  the  only  mode  of 
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naking  a   systematic  arrangement   by   reference   to  organic 
leipaiDB, 

Althougli  tlie  boneB  of  mammalia  in  the  tertiary  strata,  and 
tiiose  of  reptiles  in  the  secondary,  aiford  us  instruction  of  the 
interesting  kind,  yet  the  species  are  too  few,  and  confined 
to  too  small  a  number  of  localities,  to  be  of  great  importance  in 
diaractcrizing  the  minor  subdivisions  of  geological  formation*. 
Skeleton  of  fish  are  by  no  means  frequent  in  a  good  state  of 
preservation,  and  the  science  of  ichthyology  must  be  farther 
advanced,  before  we  can  hope  to  determine  their  specific  cha- 
TBCter  with  sufficient  precision.  The  same  may  be  said  of 
ibssil  botany,  notwithstanding  the  great  progress  that  has 
recently  been  made  in  that  department ;  and  even  in  regani  to 
aoophytes,  which  are  so  much  more  abundant  in  a  fossil  state 
than  any  of  the  classes  above  enurneratcd,  we  are  still  greatly 
impeded  in  our  endeavour  to  classify  strata  by  their  aid,  in 
consequence  of  the  smallness  of  tbe  number  of  recent  species 
which  have  been  examined  in  those  tropical  seas  where  they 
occur  in  the  greutest  profusion. 

Fainl  remaina  af  ieslacea  nfchi^f  importance.  The  testacca 
are  by  far  the  most  important  of  all  classes  of  organic  beings 
which  have  left  their  tipoila  in  the  subaqueous  deposits;  they 
are  the  medals  which  nature  has  chiefly  selected  to  record  the 
history  of  the  former  changes  of  the  globe.  There  is  scarcely 
any  great  series  of  strata  that  docs  not  contain  some  marine  or 
freshwater  shells,  and  these  fossils  are  often  found  eo  entire, 
especially  in  the  tertiary  formations,  that  when  disengaged  from 
the  matrix,  they  have  all  the  appearance  of  having  been  just 
procured  from  the  sea.  Their  colour,  indeed,  is  usually  want- 
ing, but  the  parts  whereon  specific  characters  are  founded 
remain  unimpaired  ;  and  although  the  animals  themselves  are 
gone,  yet  their  form  and  habits  can  generally  be  inferred  from 
the  shell  which  covered  them. 

The  utiiliy  of  the  testacea,  in  geological  classification,  is 
greatly  enhanced  by  the  circumstance,  that  some  forms  are 
proper  to  the  sea,  others  to  the  IuhU,  and  other:i  to  frciih  water. 


i 


48  CLASSIFICATION  OF  TBRTIABT  rOftlf  ATION8  [Ch.T. 

Rivers  scarcely  ever  fail  to  carry  down  into  their  deltas  nnie 
land  shells,  together  with  species  which  are  at  once  fluviabk 
and  lacustrine.  The  Rhone,  for  example,  recrives  aonuallj, 
from  the  Durance,  many  shells  which  are  drifted  down  in  an 
entire  state  from  the  higher  Alps  of  Dauphiny,  and  thae 
species,  such  as  Bulimiu  montannt^  are  carried  down  into  the 
delta  of  the  Rhone  to  a  climate  far  different  from  that  of  their 
native  habitation.  The  young  hermit  crabs  may  ofiten  be  seen 
on  the  shores  of  the  Mediterranean,  near  the  mouth  of  the 
Rhone,  inhabiting  these  univalves,  brought  down  to  them  from 
so  great  a  distance*.  At  the  same  time  that  some  freshwitcr 
and  land  species  are  carried  into  the  sea,  other  individuals  of 
the  same  become  fossil  in  inland  lakes,  and  by  this  means  we 
learn  what  species  of  freshwater  and  marine  testaoea  coexisted 
at  particular  eras ;  and  from  this  again  we  are  able  to  make  out 
the  connexion  between  various  plants  and  mammifers  imbedded 
in  those  lacustrine  deposits,  and  die  testacea  which  lived  in  the 
ocean  at  the  same  time. 

There  are  two  other  characters  of  the  molluscous  animals 
which  render  them  extremely  valuable  in  settling  chronological 
questions  in  Geology.  The  first  of  these  is  a  wide  geographical 
range,  and  the  second  (probably  a  consequence  of  the  former), 
is  the  superior  duration  of  species  in  this  class.  It  is  evident 
that  if  the  habitation  of  a  species  be  very  local,  it  cannot  aid  us 
greatly  in  establishing  the  contemporaneous  origin  of  distant 
groups  of  strata,  in  the  manner  pointed  out  in  the  last  chapter; 
and  if  a  wide  geographical  range  be  useful  in  connecting  for- 
mations far  separated  in  space,  the  longevity  of  species  is  no 
less  serviceable  in  establishing  the  relations  of  strata  consider- 
ably distant  from  each  other  in  point  of  time. 

We  shall  revert  in  the  sequel  to  the  curious  fact,  that  in 
tracing  back  these  series  of  tertiary  deposits,  many  of  the  exist- 
ing species  of  testacea  accompany  us  after  the  disappearance  of 
all  the  recent  mammalia,  as  well  as  the  fossil  remains  of  living 

*  M.  Marcel  de  Serres  pointed  out  this  fact  to  me  when  I  fuiited  Montpellicr, 
July,  1828. 
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I  species  of  several  other  classes.  We  even  find  the  skeletons  of 
I  extinct  quadrupeds  in  deposits  wherein  all  the  land  and  fresh- 
l  water  shells  are  of  recent  species*. 

Necessity  of  accuralely  delenninini/  specks. — The  reader 
P  will  already  perceive  that  the  systematic  arrangement  of  sirata, 
I  so  far  as  it  rests  on  organic  remains,  must  depend  essentially 
}  OD  the  accurate  determination  of  species,  and  the  geologist 
must  therefore  have  recourse  lo  the  ablest  naturalists,  who  have 
devoted  their  lives  to  the  study  of  certain  clepartmcnts  of 
organic  nature.  It  is  scarcely  possible  that  they  who  are  con- 
'  tinually  employed  in  laborious  investigations  in  the  field,  and 
in  ascertaining  the  relative  position  and  characters  of  mineral 
masses,  should  have  leisure  to  acquire  a  profound  knowledge  of 
fossil  osteology,  conchology,  and  other  branches  j  but  it  is 
desirable  that,  in  the  latter  science  at  least,  they  shotitd  become 
acquainted  with  the  principles  on  which  the  specific  characters 
are  determined,  and  on  which  the  habits  of  species  are  inferred 
from  their  pecuhar  forms.  When  the  specimens  are  in  an  im- 
perfect state  of  preservation,  or  the  shells  happen  to  belong  to 
genera  in  which  it  is  difficult  to  decide  on  the  species,  ex- 
cept when  the  inhabitant  itself  is  present,  or  when  any  other 
grounds  of  ambiguity  arise,  wc  must  reject,  or  lay  small  stress 
upon,  the  evidence,  lest  we  vltJate  our  general  results  by 
false  identifications  and  analogies.  We  cannot  do  better  than 
consider  the  steps  by  which  the  science  of  botanical  geography 
has  reached  its  present  stage  of  a  J  van  cement,  and  endeavour  to 
introduce  the  same  severe  comparison  of  the  specific  characters, 
in  drawing  all  our  geological  inferences. 

Tables  of  shells  bij  M.  Deshayes. — In  the  Appendix  the  reader 
will  find  a  tabidar  view  of  the  results  obtained  by  the  compa- 
rison of  more  than  three  thousand  tertiary  shells,  with  nearly  five 
thousand  living  species,  all  of  wliich,  with  few  exceptions,  are 
contained  in  the  rich  collection  of  M.Deshayea.  Having  enjoyed 
an  opportunity  of  examining,  again  and  again,  the  specimens 
on  which  this  eminent  conchoKigist  has  founded  his  identifica- 
•  See  veil.  i.  di»[i.  vi. 
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tions,  and  having  been  witness  to  the  great  time  and  Uboor 
devoted  by  him  to  this  arduous  work,  I  feel  confidence  in  tbe 
results,  so  far  as  the  data  given  in  his  list  will  carry  us.  It  ml 
necessary  to  compare  nearly  forty  thousand  8pecimeni»  in  oris 
to  construct  these  tables,  since  not  only  the  varieties  of  eroy 
species  required  examination,  but  the  different  individuals!,  abo^ 
belonging  to  each  which  had  been  found  fossil  in  various  loci- 
litics.  The  correctness  of  the  localities  themselves  was  aseer- 
tained  with  scrupulous  exactness,  together  with  the  relative 
position  of  the  strata ;  and  if  any  doubts  existed  on  these  quci- 
tions,  the  specimens  were  discarded  as  of  no  geological  value.  A 
large  proportion  of  the  shells  were  procured,  by  M.  Deshajes 
himself,  from  the  Paris  basin,  many  were  contributed  by  dif- 
ferent French  geologists,  and  some  were  collected  by  mys^ 
from  different  parts  of  Europe. 

It  would  have  been  impossible  to  give  lists  of  more  than 
three  thousand  fossil  shells  in  a  work  not  devoted  exclusivdy 
to  conchology  ;  but  we  were  desirous  of  presenting  the  reader 
with  a  catalogue  of  those  fossils  which  M.  Deshayes  has  been 
able  to  identify  with  living  species,  as  also  of  those  which  are 
common  to  two  distinct  tertiary  eras.  By  this  means  a  com- 
parison may  be  made  of  the  testacea  of  each  geological  epoch, 
with  the  actual  state  of  the  organic  creation^  and,  at  the  same 
time,  the  relations  of  different  tertiary  deposits  to  each  other 
exhibited.  The  number  of  shells  mentioned  by  name  in  the 
tables,  in  order  to  convey  this  information,  is  seven  hundred 
and  eighty-two,  of  which  four  hundred  and  twenty-six  have 
been  found  both  living  and  fossil,  and  three  hundred  and  fifty- 
six  fossil  only,  but  in  the  deposits  of  more  than  one  era.  An 
exception,  however,  to  the  strictness  of  this  rule,  has  been  made 
in  regard  to  the  fossil  shells  common  to  the  London  and  Paris 
basins,  fifty-one  of  which  have  been  enumerated  by  name, 
though  these  formations  do  not  belong  to  different  eras. 

It  has  been  more  usual  for  geologists  to  give  tables  of  cha- 
racteristic shells  ;  that  is  to  say,  of  those  found  in  the  strata 
of  one  period  and  not  common  to  any  other.  These  typical 
species  are  certainly  of  the  first  importance,  and  some  of  them 
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will  be  seen  figured  in  llie  plates,  illustrative  of  the  dilFerent 
tertiary  eras ;  but  we  were  more  ansioiis,  in  lliis  work,  to  place 
in  a  clear  light,  a  point  of  tlie  greatest  theoretical  interest,  which 
Itas  been  often  overlooked  or  controverted,  viz.,  the  identity  of 
nany  living  and  fossil  species,  as  also  the  connexion  of  the 
zoological  remains  of  deposits  furn^ed  at  successive  periods. 

The  value  of  such  extensive  comparisons,  as  those  of  which 
the  annexed  tables  of  M.  Dcshay^s  give  the  results,  depends 
greatly  on  the  circumstance,  that  all  thi^  identiiicalions  have 
been  made  by  the  same  naturalist.  The  amount  of  variation 
which  ought  to  determine  a  species  Is,  in  cases  where  they  ap- 
proach near  to  each  other,  a  question  of  the  nicest  discrimina- 
tion, and  requires  a  degree  of  judgment  and  tacl  that  can  hardly 
be  possessed  hy  different  zoologists  in  exactly  the  same  degree. 
The  standard,  therefore,  by  which  differences  are  to  be  mea- 
sured, can  scarcely  ever  be  perfectly  invariable,  and  one  great 
object  to  be  sought  for  is,  that,  at  least,  it  should  be  uniform. 
If  the  distinctions  are  all  made  by  the  same  naturalist,  and  his 
knowledge  and  skill  be  considerable,  the  results  may  be  relied 
on  with  sufficient  confidence,  as  far  as  regards  our  geological 
conclusions. 

If  one  conchologist  should  inform  us  that  out  of  1122  species 
of  fossil  testocea,  discovered  in  the  Paris  basin,  he  has  only 
been  enabled  to  identify  thirty-eight  with  recent  species,  while 
another  should  declare,  that  out  of  two  hundred  and  twenty-six 
Sicilian  fossil  shells,  no  less  than  two  hundred  and  sixteen  be- 
longed to  living  species,  we  might  suspect  that  one  of  these 
observers  allowed  a  greater  degree  of  latitude  to  the  variability 
of  the  specific  character  than  the  other ;  but  when,  in  both  in- 
ttances,  the  conclusions  are  drawn  by  the  same  eminent  con- 
chologist, we  are  immediately  satisfied  that  the  relations  of  these 
two  groups,  to  the  existing  state  of  the  animate  creation,  are  as 
distinct  as  are  indicated  by  the  numerical  results. 

It  is  not  pretended  that  the  tables,  to  which  we  refer,  com- 
prise all  the  known  tertiary  shells.  In  the  museums  of  Italy 
there  arc  magnificent  collections,  to  which  M.  Deshayes  had  no 
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access,  and  the  additions* to  the  recent  species  in  the  caUnets 
of  conchologists  in  London,  have  been  so  great  of  late  years, 
that  in  many  extensive  genera  the  number  of  species  has  been 
more  than  doubled.  But  as  the  greater  part  of  tliese  newlj- 
discovered  shells  have  been  brought  from  the  Pacific  and  other 
distant  seas,  it  is  probable  that  these  accessions  would  not  ma- 
terially alter  the  results  given  in  the  tables^  and  it  must,  at  all 
events,  be  remembered,  that  the  only  effect  of  such  additional 
infonnation  would  be^  to  increase  the  number  of  identifications 
of  recent  with  fossil  species,  while  the  proportional  number  of 
analogues  in  the  different  periods  might  probably  renuiin 
nearlv  the  same. 

SIBDIVISIONS  OF  THE  TERTL\RY  EPOCH. 

Recent  fonnadons. — We  shall  now  proceed  to  consider  the 
subdivisions  of  tertiary  strata  which  may  be  founded  on  tlie 
results  of  a  comparison  of  their  respective  fossils,  and  to  give 
names  to  the  periods  to  which  they  each  belong.  7he  tertiary 
epoch  has  been  divided  into  three  periods  in  the  tables ;  we 
shalK  however,  endeavour  to  establish  four,  all  distinct  from  the 
actual  [vrioil.  or  that  which  has  elapsed  since  the  earth  has  been 
tenantcil  bv  man.  To  the  events  of  this  latter  era.  which  we 
shall  tonu  the  rfivn/,  we  have  exclusively  confined  ourselves  in 
the  two  prvcciling  volumes.  All  sedimentary  deposits,  all  vol- 
canic r^Hrks,  ill  a  word,  every  geological  monument,  whether 
bi'longing  to  the  animate  or  inanimate  world,  which  appertains 
to  this  ejtoch,  may  be  termed  recent.  Some  recent  spedes,  there- 
fore,  are  found  Jl^ssil  in  various  tertiary  periods^  and,  on  the 
Olher  hand^  oihers,  like  the  Dodo,  may  be  extinct^  for  it  is  suf- 
MhH  that  they  should  once  have  coexisted  with  man,  to  make 
tlMW  itfcrribie  to  this  era. 

Some  authivrs  apply  the  term  contemporaneous  to  all  the 

VriMlioQS  which  have  originated  during  the  human  epoch ; 

KM  m  ihe  wortl  is  so  frei|uently  in  use  to  express  the  synchro- 

MMiwigm  of  iKstind  fonuations,  it  would  be  a  source  of  great 

IHiiTtnlaUM  and  «nih|g\uty ,  if  we  were  to  attach  to  it  a  tech* 

fcil 
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We  may  sometimes  prove,  that  certain  stmta  belong  to  the 
recent  period  hy  aid  of  historical  evidence,  as  parts  of  the  delta 
of  the  Po,  Rhone,  and  Nile,  for  example;  at  other  times,  by 
discovering  imbedded  remains  of  man  or  liis  works ;  but  when 
we  have  no  evidence  of  this  kind,  and  we  hesitate  whether  to 
ascribe  a  particiUar  deposit  to  the  recent  era,  or  that  immedi- 
oiely  preceding,  we  must  generally  incline  to  refer  it  to  the 
latter,  for  it  will  appear  in  the  sequel,  that  the  changes  of  the 
historical  era  are  quite  insignificant  when  contrasted  with  those 
even  of  the  newest  tertiary  periwL 

Newer  Pliocene  period, — This  most  modern  of  the  four 
eubdivtsions  of  the  whole  tertiary  epoch,  we  propose  to  call  the 

-Newer  Pliocene,  which,  together  with  the  Older  Pliocene,  con- 
stitute one  group  in  the  annexed  tables  of  M.  Dcsliayes. 

We  derive  the  term  Pliocene  frani  ■s'Ksiui,  major,  and  xaivw, 
recens  as  the  major  part  of  the  fossil  testacea  of  this  epoch  are 
referrible  to  recent  species*.  AVhcther  in  all  cases  there  may 
hereafter  prove  to  be  an  absolute  preponderance  of  recent 
species,  in  every  group  of  strata  assigned  to  this  period  in  the 
tables,  is  very  doubtful;  but  the  proportion  of  living  species, 
where  least  considerable,  usually  iipproaches  to  one-half  of  the 
total  number,  and  appears  always  to  exceed  a  third  ;  and  as  our 
acquaintance  with  the  testacea  of  the  Mediterranean,  and  some 
other  seas,  increases,  it  is  probable  that  a  greater  proportion 
will  be  identified. 

*  Jn  Ihc  lerms  Pliixcoe,  Miocene,  aoil  Kdcchc,  (he  Greek  diplilliongn  ri  anil 
•i  ue  changed  iiilo  )lie  tdwi'Is  ■  and  r,  iu  cunfiirmily  with  the  idiom  of  out  lan- 
guage. Thus  vc  havK  Enceaia,  uu  inaii[^i[ai  cetemuny,  diirived  rroin  i>  sud 
MMjt^,  nuBt;  ■uJn8«iain])1cioCtIieconversiotiofrt  iiiloi.wehaveicoaabtilrDn. 
I  hare  bMn  much  imleUul  to  my  fiieuil,  the  Rat,  W.  n'hewell,  Tiir  assiitiug 
meiainreuliagand  angliciting  thete  t«rTaB,and  I  ■Incerel}' wish  thai  the  aumcr- 

'  mat  Igrwgn  diphlhonga,  barlaroni  leriniuatiuas,  and  Latin  plulals,  nliich  have 
L«n  to  plentifully  inlrodiieed  of  late  years  iotu  our  neienlific  laiiguunu,  had  been 
■roideil  «i  (uccesidjiy  as  they  are  by  Fniiich  Naliurulibls,  and  aslhcy  were  by  Iho 

'  tariier  Engliah  writi-ii,whennur  languoge  was  irDTufleuble  than  ilia  now.  But 
while  1  commend  the  J'lench  for  aceommcKlating  furetgn  lems  to  the  gtnKliini  of 
Iheir  own  langimgr,  1  must  canfesa  that  nu  naluraliils  have  been  muiB  unscbolar- 
liku  in  their  mods  of  faliiicaling  Gnek  duiivalivea  Bnd  couiiiuuuda,  many  of  the 
bttci  being  abuliudeflst'""g°f  ('"■'«'"^'''^^*^^ 


54  SUBDIVISIONS  OP  [Gh.V. 

The  newer  Pliocene  formations,  before  alluded  to,  pass  in- 
sensibly into  those  of  the  Recent  epoch,  and  contain  an  immeme 
preponderance  of  recent  species.  It  will  be  seen  that  of  tw 
hundred  and  twenty-six  species,  found  in  the  Sicilian  beds, 
only  ten  are  of  extinct  or  unknown  species,  although  the  anti- 
quity of  these  tertiary  deposits,  as  contrasted  with  our  most 
remote  historical  eras,  is  immensely  great.  In  the  vokanic 
and  sedimentary  strata  of  the  district  round  Naples,  the  pro- 
portion appears  to  be  even  still  smaller. 

Older  Pliocene  period. — These  formations,  therefore,  and 
others  wherein  the  plurality  of  living  species  is  so  very  decided, 
we  shall  term  the  Neiver  Pliocene^  while  those  of  the  tertiarj 
period  immediately  preceding  may  be  called  the  O/der  Pliocene. 
To  the  latter  belong  the  formations  of  Tuscany,  and  of  the  Sub- 
apennine  hills  in  the  north  of  Italy,  as  also  the  English  Crag. 

It  appears  that  in  the  period  last  mentioned,  the  prc^rtion 
of  recent  species  varies  from  upwards  of  a  third  to  somewhat 
more  than  half  of  the  entire  number ;  but  it  must  be  recol- 
lected, that  this  relation  to  the  recent  epoch  is  only  one  of  its 
zoological  characters,  and  that  certain  peculiar  species  of  tes- 
tacea  also  distinguish  its  deposits  from  all  other  strata.  The 
relative  position  of  the  beds  referrible  to  this  era  has  been  ex- 
plained in  diagrams  Nos.  3  and  4,  letter/,  chapter  II. 

Miocene  period, — The  next  antecedent  tertiary  epoch  we 
shall  name  Miocene,  from  fjnteuv,  minor,  and  x^ivor,  recens,  a 
minority  only  of  fossil  shells  imbedded  in  the  formations  of  this 
period,  being  of  i-ecent  species.  The  total  number  of  Miocene 
shells,  referred  to  in  the  annexed  tables,  amounts  to  1021,  of 
which  one  hundred  and  seventy-six  only  are  recent,  being  in 
the  proportion  of  rather  less  than  eighteen  in  one  hundred. 
Of  species  common  to  this  period,  and  to  the  two  divisions  of 
the  Pliocene  epoch  before  alluded  to,  there  are  one  hundred  and 
ninety-six,  whereof  one  hundred  and  fourteen  are  living,  and 
the  remaining  eighty-two  extinct,  or  only  known  as  fossil. 

As  there  are  a  certain  number  of  fossil  species  which  are 
characteristic  of  the  Pliocene  strata  before  described,  so  also 
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there  are  many  shells  exclusively  confined  to  the  Miocene 
period.  We  have  already  stated,  that  in  Toiiraine  and  in 
the  South  of  France  near  Bordeaux,  in  Piedmont,  in  the 
basin  of  Vienna,  and  other  localities,  these  Miocene  formations 
largely  developed,  and  their  relative  position  has  been 
shown  in  diagrams  Nos.  3  and  4,  letter  e,  chapter  II. 

Eocene  jjeriod. — The  periotl  next  antecedent  we  shall  call 
Eocene,  from  -nwr,  aurora,  and  xiivor,  reeens,  because  the  ex- 
tremely small  proportion  of  living  species  containetl  in  these 
Strata,  indicates  what  may  be  considered  the  first  commence- 
tnent,  or  dawn,  of  the  existing  slate  of  the  animate  creation. 
To  this  era  the  formations  first  called  tertiary,  of  the  Paris  and 
London  basins,  are  referrible.  Their  position  is  shown  in  the 
diagrams  Nos,  3  and  i,  letter  d,  in  the  second  chapter. 

The  total  number  of  fossil  shells  of  this  period  already  known, 

one  thousand  two  hundred  and  thirty-eighl,  of  which  num- 
ber forty-two  only  are  living  species,  being  nearly  in  the  pro- 
portion of  three  and  a  iialf  in  one  hundred.  Of  fossil  species, 
not  known  as  recent,  forty-two  are  common  to  the  Eocene  and 
Miocene  epochs.  In  the  Paris  basin  alone,  1129  species  have 
been  found  fossil,  of  which  thirty-eight  only  are  still  living. 

The  geographical  distribution  of  those  recent  species  which 
are  found  fossil  in  formations  of  such  high  antiquity  as  those 
of  the  Paris  and  London  basins,  is  a  subject  of  the  highest 
interest. 

It  will  be  seen  by  reference  to  ihe  tables,  that  in  the  more 
modem  formations,  where  so  large  a  proportion  of  the  fossil 
shells  belong  to  species  still  living,  they  also  belong,  for  the 
most  part,  to  species  now  inhabiting  the  seas  immediately  ad- 
joining the  countries  where  they  occur  fossil;  whereas  the 
recent  species,  found  in  the  older  tertiary  strata,  are  frequently 
inhabitants  of  distant  latitudes,  and  usually  of  warmer  climates. 
Of  the  forty-two  Eocene  species,  which  occur  fossil  in  England, 
France,  and  Belgium,  and  which  are  still  living,  about  half 
now  inhabit  within,  or  near  the  tropics,  and  almost  all  the  rest 
«re  denizens  of  the  more  southern  parts  of  Europe.     If  some 
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Eocene  species  still  flourish  in  the  same  latitudes  where  thej 
are  found  fossil,  they  are  species  which,  like  Lucina  divaricaia, 
are  now  found  in  many  seas,  even  those  of  diflerent  quarters  of 
the  globe^and  this  wide  geographical  range  indicates  a  capacitjof 
enduring  a  variety  of  external  circumstances,  which  may  enaUe 
a  species  to  survive  considerable  changes  of  climate  and  otherie- 
volutions  of  the  carth^s  surface.  One  fluviatile  species  {Melania 
inquin(Ua)y  fossil  in  the  Paris  basin^  is  now  only  known  in  the 
Philippine  islands,  and  during  the  lowering  of  the  temperature 
of  the  earth's  surface^  may  perhaps  have  escaped  destruction  hj 
transportation  to  the  south.  We  have  pointed  out  in  the  second 
volume  (chap,  vii.),  how  rapidly  the  eggs  of  freshwater  species 
might,  by  the  instrumentahty  of  water-fowl,  be  transported 
from  one  region  to  another.  Other  Eocene  species,  which  still 
survive  and  range  from  the  temperate  zone  to  the  equator,  may 
formerly  have  extended  from  the  pole  to  the  temperate  zone, 
and  what  was  once  the  southern  limit  of  their  range  may  now 
be  the  most  northern. 

Even  if  we  had  not  established  several  remarkable  facts  in 
attestation  of  the  longevity  of  certain  terUary  species,  we  might 
still  have  anticipated  that  the  duration  of  the  living  species  of 
aquatic  and  terrestrial  testacea  would  be  very  unequal.  For 
it  is  clear  that  those  which  now  inhabit  many  different  regions 
and  climates,  may  survive  the  influence  of  destroying  causes, 
which  might  extirpate  the  greater  part  of  the  species  now  living. 
We  might  expect,  therefore,  some  species  to  survive  several 
successive  states  of  the  organic  world,  just  as  Nestor  was  said 
to  have  outlived  three  generations  of  men. 

The  distinctness  of  periods  may  indicate  our  imperfect  infor* 
mation. — In  regard  to  distinct  zoological  periods,  the  reader 
will  understand,  from  our  observations  in  the  third  chapter, 
that  we  consider  the  wide  lines  of  demarcation  that  sometimes 
separate  different  tertiary  epochs,  as  quite  unconnected  with 
extraordinary  revolutions  of  the  surface  of  the  globe,  and  as 
arising,  partly,  like  chasms  in  the  history  of  nations,  out  of  the 
present  imperfect  state  of  our  information,  and  partly  from 
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ihe  irregular  manner  in  which  geological  memorials  arc  pre- 
aerred,  as  already  explained.  We  have  liitle  doubt  that  it 
will  be  necessary  hereafter  to  intercalate  olher  periods,  and 
thai  many  of  the  deposits,  now  referred  lo  a  single  era,  will  be 
fiitind  to  have  been  formed  at  very  distinct  periods  of  time,  so 
that,  notwithstanding  our  separation  of  tertiary  strata  into  four 
groups,  vc  shall  continue  lo  use  the  term  contempOTaneoua 
with  a  great  deal  of  latitude. 

Wc  throw  out  these  hints,  because  we  are  apprehensive  lest 
zoological  periods  in  Geology,  like  artificial  divisions  in  other 
branches  of  Natural  History,  should  acquire  too  much  impor- 
tance, from  being  supposed  to  be  founded  on  some  great  inter- 
ruptions in  the  regular  series  of  events  in  ihe  organic  world, 
i  whereas,  like  the  genera  and  orders  in  zoology  and  botany, 
we  ought  to  regard  them  as  invcnleil  for  the  convenience  of 
qrvtematic  arrangement,  always  expecting  to  discover  interme- 
din^ gradations  between  the  boundary  hnes  that  we  have  lirst 
drawn. 

In  Natural  History  we  select  a.  certain  species  as  a  generic 
type,  and  then  arrange  all  its  congeners  in  a  series,  according 
to  ihe  di^rees  of  their  deviation  from  that  type,  or  accord- 
ing as  they  approach  to  the  characters  of  the  genus  whicli  pre- 
cedes or  follows.  In  like  manner,  ivc  may  select  certain  Geo- 
logical formations  as  typical  of  particular  ejioehs )  and  having 
accomplished  this  step,  we  may  then  arrange  the  groups  referred 
to  the  same  period  in  chronological  order,  according  as  they 
deviate  in  their  organic  contents  from  the  normal  groups,  or 
according  as  they  approximate  to  the  type  of  an  antecedent  or 
subsequent  epoch. 

If  intermediate  formations  shall  hereafter  be  found  between 
the  Cocene  and  Miocene,  and  between  those  of  the  last  period 
and  the  Pliocene,  we  may  still  find  an  appropriate  place  for  all, 
by  forming  subdivisions  on  the  same  principle  as  that  which 
has  determined  us  to  separate  the;  lower  from  the  upper  Plio- 
cene groups.  Thus,  for  example,  we  might  have  three  divisions 
of  the  Socene  epoch, — the  older,  middle,  and  newer ;  and 
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three  similar  subdivisions,  both  of  the  Miocene  and  Plioeaie 
epochs.  In  that  case,  the  formations  of  the  middle  period 
must  be  considered  as  the  types  from  which  the  assemblage  rf 
organic  remains  in  the  groups  immediately  antecedent  or  sub* 
sequent  will  diverge. 

The  Recent  strata  form  a  common  point  of  departure  ta  tS 
countries, — We  derive  one  great  advantage  from  beginning  our 
classification  of  formations  by  a  comparison  of  the  fossils  of  the 
more  recent  strata  with  the  species  now  living,  namely,  the  ac- 
quisition of  a  common  point  of  departure  in  erery  region  of  the 
globe.  Thus,  for  example,  if  strata  should  be  discovered  in 
India  or  South  America,  containing  the  same  small  proportkn 
of  recent  shells  as  are  found  in  the  Paris  basin,  they  also  might 
be  termed  Eocene,  and,  on  analogous  data,  an  approximadon 
might  be  made  to  the  relative  dates  of  strata  placed  in  the  arctic 
and  tropical  regions,  or  the  comparative  age  ascertained  of 
European  deposits,  and  those  which  are  trodden  by  our  anti- 
podes. 

There  might  be  no  species  common  to  the  two  groups ;  yet 
we  might  infer  their  synchronous  origin  from  the  common 
relation  which  they  bear  to  the  existing  state  of  the  animate 
creation.  We  may  afterwards  avail  ourselves  of  the  dates 
thus  established,  as  eras  to  which  the  monuments  of  preceding 
periods  may  be  referred. 

Numerical  proportion  of  recent  shells  in  the  different  Ter^ 
tiary  periods. — There  are  seventeen  species  of  shells  discovered, 
which  are  common  to  all  the  tertiary  periods,  thirteen  of  which 
are  still  living,  while  four  are  extinct,  or  only  known  as  fossil*. 
These  seventeen  species  show  a  connexion  between  all  these 
geological  epochs,  whilst  we  have  seen  that  a  much  greater 
number  are  common  to  the  Eocene  and  Miocene  periods,  and  a 
still  greater  to  the  Miocene  and  Pliocene. 

We  have  already  stated,  that  in  the  older  tertiary  formations, 
we  find  a  very  small  proportion  of  fossil  species  identical  with 

*  Sm  Ui«  Tables  of  M.  Dtrshayes  in  ApptndU  I. 
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those  now  living,  and  that,  as  we  approach  the  superior  and 
never  sets  of  strata,  wc  find  tiie  reinains  of  existing  animals 
and  plants  in  greater  abundance.  It  is  almost  as  difficult  to 
find  an  unknown  species  in  some  of  the  newer  Piiocene  de- 
posit?, ahliougl)  very  ancient  and  elevated  at  great  heights 
above  the  level  of  the  sea,  as  to  meet  with  recent  species  in 
the  Eocene  strata. 

This  increase  of  existing  spcies,  and  gradual  disappearance 
of  the  exlinct,  as  we  trace  the  series  of  formations  from  the 
older  to  the  newer,  is  strictly  analogous,  as  we  before  observed, 
to  the  fluctuations  of  a  population  such  as  might  be  recorded 
at  successive  periods,  from  the  lime  when  the  oldest  of  the 
individuals  now  living  was  born  to  the  present  moment.  The 
disappearance  of  persons  who  never  were  contemporaries  of  the 
greater  part  of  the  present  generation,  would  be  seen  to  have 
kept  pace  with  tlie  birth  of  those  who  now  rank  amongst  the 
oldest  men  living,  just  as  the  Eocene  and  Aliocenc  species  are 
observed  to  have  given  place  to  those  Pliocene  testacea  which 
are  now  contem[wrary  with  man. 

In  reference  to  the  organic  remains  of  the  different  groups 
which  we  have  named,  we  may  say  that  about  a  thirtieth  part 
of  the  Eocene  shells  are  of  recent  species,  about  one-fifth  of 
the  Miocene,  more  than  a  (bird,  and  often  more  than  half,  of 
the  older  Pliocene,  and  nine-tenths  of  the  newer  Pliocene. 

Mammtferous  remains  of  the  successive  tertiary  eras. — But 
although  a  thirtieth  part  of  the  Eocene  testacea  have  been 
identified  with  species  now  living,  none  of  the  associated  mam- 
miferous  remains  belong  to  species  which  now  exist,  either  in 
Europe  or  elsewhere.  Some  of  these  equalled  the  horse,  and 
others  the  rhinoceros,  in  size,  and  tJiey  could  not  possibly  have 
escaped  observation,  had  they  survived  down  to  our  lime. 
More  than  forty  of  these  Eocene  mammifers  are  referrible  to  a 
division  of  the  order  Pachydermata,  whicli  has  now  only  four 
living  representatives  on  the  globe.  Of  these,  not  only  the 
species  but  the  genera  are  distinct  from  any  of  those  which 
have  been  established  for  the  classification  of  living  animal: 
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In  the  Miocene  mammalia  we  find  a  few  of  thegenmcfbnns 
most  frequent  in  the  Eocene  strata  associated  with  some  of 
those  now  existing,  and  in  the  Pliocene  we  find  an  intermixture 
of  extinct  and  recent  species  of  quadrupeds.  There  is,  there- 
fore, a  considerable  degree  of  accordance  between  the  results 
deducible  from  an  examination  of  the  fossil  testacea,  and  those 
derived  from  the  mammiferous  fossils.  But  although  the  latter 
arc  more  important  in  respect  to  the  unequivocal  evidence 
afforded  by  them  of  the  extinction  of  species,  yet,  for  reasons 
before  explained,  they  are  of  comparatively  small  value  in  the 
general  classification  of  strata  in  Geology. 

It  will  appear  evident,  from  what  we  have  said  in  the  last 
volume  respecting  the  fossilization  of  terrestrial  species,  that 
the  imbedding  of  their  remains  depends  on  rare  casualties,  and 
that  they  are,  for  the  most  part,  preserved  in  detached  allu- 
vions covering  the  emerged  land,  or  in  osseous  breccias  and 
stalagmites  formed  in  caverns  and  fissures,  or  in  isolated  lacus- 
trine formations.  These  fissures  and  caves  may  sometimes 
remain  open  during  successive  geological  periods,  and  the  allu- 
vions, spread  over  the  surface,  may  be  disturbed,  again  and 
again,  until  the  mammalia  of  successive  epochs  are  mingled 
and  confounded  together.  Hence  we  must  be  careful,  when 
we  endeavour  to  refer  the  remains  of  mammalia  to  certain  ter- 
tiary periods,  that  we  ascertain,  not  only  their  association  with 
testacea  of  which  the  date  is  known,  but,  also,  that  the  remains 
were  intermixed  in  such  a  manner  as  to  leave  no  doubt  of  the 
former  coexistence  of  the  species. 

In  the  next  page  will  be  found  a  Synoptical  Table  of  the 
Recent  and  Tertiary  formations  alluded  to  in  this  chapter. 

N.B.  By  aid  of  this  table,  the  reader  will  be  able  to  refer 
almost  all  the  localities  of  the  Pliocene  formations  enumerated 
in  the  Tables  of  M,  Deshayes  (Appendix  I.)  to  the  newer  or 
older  division  of  the  Pliocene  period  established  in  the  fore- 
going chapter. 
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Synoptical  Table  of  Recent  and  Tertiary  Formations. 


PERIODS. 


Character 

of 
Formations. 


Localities  of  the  different  Formations. 


1.    Newer 
Pliocene. 


2.     Older 
Pliocene. 


rSRTIART 


■ 


4«  £ocene. 


Marine. 


Freshwater. 


Volcanic. 

Marine. 
Freshwater. 

Volcanic. 

r  Marine. 

Freshwater. 
.  Volcanic. 

'  Marine. 


3.  Miocene.     * 


Freshwater. 


Volcanic. 


f  Marine. 


Freshwater. 


Volcanic. 


f  Coral  formations  of  Pacific. 
I  Delta  of  Po,  Ganges,  &c. 

J  Modem  deposits  in  Lake  Superior — 
\  Lake  of  Geneva — Marl  lakes  of 

I         Scotland — Italian  travertin,  &c. 

I  Jorullo  —  Monte  Nuovo  ^-  Modern 
lavas  of  Iceland,  Etna,  Vesuvius, 
&c. 


{ 

{ 

{ 

{ 


Strata  of  the  Val  di  Noto  in  Sicily. 
Ischia,  Morea  ?  Uddevalla. 

Valley  of  the  Klsa  around  CoUe  in 
Tuscany. 

Older  parts  of  Vesuvius,  Etna,  and 
Ischia — ^Volcanic  rocks  of  the 
Val  di  Noto  in  Sicily. 

Northern  Subapennine  formations,  as 
at  Parma,  Asii,  Sienna,  Perpig- 
nan,  Nice — English  Crag. 

Alternating  with  marine  beds  near 
the  town  of  Sienna. 


f  Volcanos  of  Tuscany  and  Campagna 
I  di  Roma. 


I  Strata  of  Touraine,  Bordeaux,  Valley 
of  the  Bormida,  and  the  Superga 
near  Turin — Basin  of  Vienna. 


[ 


i  Alternating  with  marine  at  Saucats, 
\         twelve  miles  south  of  Bordeaux. 

{Hungarian   and  Transylvaniau   vol- 
canic rocks. 
Part  of  the  volcanos   of  Auvergne, 
Cantal,  and  Velay  ? 

Paris  and  London  Basins. 


natmg  with  i 

sin — Isle  of  Wight — purely  la- 


custrine in  Auvergne,  Cantal;  and 


I 


\ 


C  Alternating  with  marine  in  Paris  ba- 
sin— 1 
custrin 
Velay. 

f  Oldest  part  of  volcanic  rocks  of  At* 
I         vergne. 
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from  Catania  to  Syracuse,  has  an  opportunity  of  obsenring, 
on  the  sides  of  the  valley,  many  deep  sections  of  the  modem 
formations  above  described,  especially  if  he  makes  a  slight 
detour  by  Sortino  and  the  Valley  of  Pentalica. 

The  whole  scries  of  strata,  in  the  Val  di  Noto,  is  chvisibk 
into  three  principal  groups,  exclusive  of  the  associated  vokamc 
rocks.     The  uppermost  mass  consists  of  limestone,  which  80ln^ 
times  acquires  the  enormous  thickness  of  seven  or  eight  hun 
dred  feet,  below  which  is  a  series  much  inferior  in  thicknesi, 
consisting  of  a  calcareous  sandstone,  conglomerate  and  schistose 
limestone,  and  beneath  this  again,  blue  marl.     The  whole  of 
the  above  groups  contain  shells  and  zoophytes,  nearly  all  of 
which  are  referrible  to  species  now  inhabiting  the  contiguous 
sea. 

CastrogtovAiiiii.  No.  5. 


Chr||[COD« 


Of  Great  Itmettone  of  Val  dt  Noto. 

6,  Schistose  aud  arenaceous  limestone  of  Fkmdia,  ke, 

c,  Blue  marl  with  shells. 

d,  White  laminated  marl. 

r,  Blue  clay  and  g)-p8um,  &c.  without  shells. 

Great  limestone  formation  (a,  diagram  No.  6). — In  mineral 
character  this  rock  often  corresponds  to  the  yellowish  white 
building-stone  of  Paris,  well  known  by  the  name  of  Calcaire 
grossier,  but  it  often  passes  into  a  much  more  compact  stone. 
In  the  deep  ravine-like  valleys  of  Sortino  and  Pentalica,  it  is 
seen  in  nearly  horizontal  strata,  as  solid  and  as  regularly  bedded 
as  the  greater  part  of  our  ancient  secondary  formations.  It 
abounds  in  natural  caverns,  which,  in  many  places,  as  in  the 
valley  of  Pentalica,  have  been  enlarged  and  multiplied  by  ar- 
tificial excavations. 
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1  especially  of  this  era,  are  most  important,  not  only  as  being  in 

I    a  more  perfect  state  of  preservation,  but  also  as  being  chiefly 

I   referriblo  to  species  now  living  ;  so  that  their  habits  are  known 

to  us  by  direct  comparison,  and  not  merely  by  inference  from 

analogy,  as  in  the  case  of  extinct  species. 

Geoloijical  utructure  of  Sicily. — We  shall  first  describe  an 
extensive  district  in  Sicily,  where  the  newer  Pliocene  strata  are 
largely  developed,  and  where  they  are  raised  to  considerable 
heights  above  the  level  of  the  sea.  After  presenting  the  reader 
with  a  view  of  these  formations,  we  shall  endeavour  to  explain 
the  manner  in  which  they  originaled,  and  speculate  on  the 
subterranean  changes  of  which  their  present  position  aifurds 
evidence. 

The  island  of  Sicily  consists  partly  of  primary  and  secondary 
rocks,  which  occupy,  perhaps,  about  two-thirds  of  its  super- 
ficial area*,  and  the  remaining  part  is  covered  by  tertiary 
formations,  which  are  of  great  extent  in  the  southern  and  cen- 
tral parts  of  the  island,  while  portions  arc  found  bordering 
nearly  the  whole  of  the  coasts. 

Formations  of  the  Vul  di  Nolo. — If  we  first  turn  our  atten- 
tion to  the  Val  di  Noto,  a  district  which  intervenes  between 
£tDa  and  the  southern  promontory  of  Sicily,  we  find  a  con- 
siderable tract,  containing  within  it  hills  which  are  from  one  to 
two  thousand  feet  in  height,  entirely  composed  of  limestone) 
tnarl,  sandstone,  and  associated  volcanic  rocks,  which  belong  to 
the  newer  Pliocene  era.  The  recent  shells  of  the  Mediterra- 
nean abound  throughout  the  sedimentary  strata,  and  there  are 
abundant  proofs  that  the  igneous  rocks  were  the  produce  of 
successive  submarine  eruptions,  repented  at  iul^rvals  during 
the  time  when  the  subaqueous  formations  were  in  progrt 

These  rising  grounds  of  the  Val  di  Noto  are  separated  from 
the  cone  of  Etna,  and  the  marine  strata  whereon  it  rests,  by  the 
low  level  plain  of  Catania,  just  elevated  above  the  level  of  the 
sea,  and  watered  by  the  Simeto.     The  traveller  who  pa 

■  We  may  tthuttly  vtjiedt  &  full  account  of  Ihe  Qeotog:;  of  thit  UUdiI 
PiofcHoi  Hofi^BUD,  who  hsi  devol«d  tQoi«  Ibui  >  jreir  to  it*  cxunlnalion. 
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sedimentary  matter  of  different  kinds,  and  in  unequal  qotn- 
tities»  at  particular  seasons  of  the  year. 

The  great  limestone,  above  mentioned^  prevails  not  only  ia 
the  Val  di  Noto,  but  reappears  in  the  coitre  of  the  idandy 
capping  the  hill  of  Castrogiovanni,  at  the  height  of  three  thou- 
sand feet  above  the  level  of  the  sea.  It  is  cavernous  there,  as 
at  Sortino  and  Syracuse,  and  contains  fossil  shells  and  casts  of 
shells  of  the  same  species*. 

Schistose  and  arenaceous  limestone,  ijr,  (fr,  diagram  'So.  5).« 
The  limestone  above-mentioned  passes  downwards  into  a  white 
calcareous  sand,  which  has  sometimes  a  tendency  to  an  oolitic 
and  pisolitic  structure,  analogous  to  that  which  we  have  described 
when  speaking  of  the  travertin  of  Tivolif.  At  Floridia»  near 
Syracuse,  it  contains  a  sufficient  number  of  small  calcareous 
pebbles  to  constitute  a  conglomerate,  where  also  beds  of  sandy 
limestone  are  associated^  replete  with  numerous  fragments  of 
shells,  and  much  resembling,  in  structure,  the  English  corn- 
brash.  A  diagonal  lamination  is  often  observable  in  the  cal- 
careous sandy  beds  analogous  to  that  represented  in  the  first 
volume  (chap.  xiv.  diagram  No.  6),  and  to  that  exhibited  in 
many  sections  of  the  English  crag,  to  which  we  shall  after- 
wards allude. 

In  some  parts  of  the  island  this  sandy  calcareous  division,  by 
seems  to  be  represented  by  yellow  sand,  exactly  resembling 
that  so  frequently  superimposed  on  the  blue  shelly  marl  of  the 
Subapennines  in  the  Italian  peninsula.  Thus,  near  Gram- 
michele,  on  the  road  to  Caltagironc,  beds  of  incoherent  yellow 
sand,  several  hundred  feet  in  thickness,  with  occasional  layers 
of  shells,  repose  upon  the  blue  shelly  marl  of  Caltagirone. 

When  we  consider  the  arenaceous  character  of  this  forma- 
tion, the  disposition  of  the  laminae,  and  the  broken  shells  some- 
times imbedded  in  it,  it  is  difficult  not  to  suspect  that  it  was 

•  Dr.  Daubcny  correctly  identified  the  Val  di  Noto  limestone  of  Syracuse  with 
that  of  the  summit  of  Castrogiovanni. — Jameson,  Ed.  Phil.  Journ.,  No.zxr.p.  !07, 
July,  1825. 

t  Vol.  i.  chap.  xii. 
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i  in  shallower  water,  and  nearer  the  action  of  aiiperficial 
currents,  than  the  superincumbent  limestone,  which  was  evi- 
dently BCCumiilaCcd  in  a  6ca  of  considerable  depth.  If  we 
adopt  this  view,  we  must  suppose  a  considerable  subsidence  of 
the  bed  of  the  sea,  subsequent  to  the  deposition  of  the  arena- 
ceous beds  in  the  Val  di  Noto. 

Blue  marl  with  sltdls  (c,  diagram  No.  5']. — Under  iho  sandy 
beds,  last  mentioncdjis  found  an  argillaceous  deposit  of  variable 
thickness,  called  Creta  in  Sicily.  It  resembles  the  blue  marl 
of  tile  Subapennine  hills,  and,  like  it,  encloses  fossil  shells  and 
corals  in  a  beautiful  state  of  preservation.  Of  these  I  collected 
a  great  abundance  from  the  clay,  on  the  south  side  of  the 
harbour  of  Syracuse,  and  twenty  species  in  the  environs  of 
Callanisetta,  all  of  which,  with  three  exceptions,  M,  Deshayes 
was  able  to  identify  with  recent  species*.  From  similar  blue 
marl,  alternating  with  yellow  sand,  at  Caliagirone,  at  an  eleva- 
tion of  about  five  hundred  feel  above  the  level  of  the  sea,  I 
obtained  forty  species  of  shells,  of  which  all  but  six  were  recog- 
nized as  identical  with  recent  speciesf.  The  position  of  this 
argillaceous  formation  is  well  seen  at  Caslrogiovanni  and  Gir- 
genli,  as  represented  in  the  sections,  diagram  No,  5.  In  both 
of  these  localities,  the  limestone  of  the  Val  di  Nolo  re-appears, 
passing  downwards  into  a  calcareous  sandstone,  below  which  is 
B  shelly  blue  clay. 

Strata  benefitk  the  blue  marl. — The  clay  rests,  in  both  loca- 
lities, on  an  older  series  of  white  and  blue  marls,  probably 
belonging  to  the  tertiary  period,  but  of  which  I  was  unable  to 
determine  the  age,  having  procureil  from  it  no  organic  remains 
save  the  skeletons  of  fish  which  I  found  in  the  white  thinly- 
laminated  marls];. 

•  See  IihI  of  tliGse  aheUi,  Ajipcodix  II. 

t  See  Appendix  II. 

I  I  fauna  Ihew  fowil  flih  id  great  nbundance  on  the  rood,  half  a  milg  north* 

west  of  Rsduia,  on  Ihc  Toad  la  CBilrngiovaani,  vlietc  the  maili  srs  feliJ,  and 

aoti  CartTDBiavanni  in  gyineoui  iiuiTla,ot  tlic  iDite-stone  Nu.  B8,  end  between  that 

and  No.  89.     Lord  Norihamiilon  Iiu  lince  rrawnled  Id  Ihs  Geological  Societjr 
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These  marls  are  sometimes  gjrpseous,  and  belong  to  a  grat 
argillaceous  formation  which  stretches  over  a  considerable  part 
of  Sicily,  and  contains  sulphur  and  salt  in  great  abundance. 
The  strata  of  this  group  have  been  in  some  places  contorted  m 
the  most  extraordinary  manner,  their  convolutions  often  resem- 
bling those  seen  in  the  most  disturbed  districts  of  primary  dsy 
slate. 

But  we  wish^  at  present^  to  direct  the  reader's  exclusive  at- 
tention to  strata  decidedly  referrible  to  the  'newer  Pliocene 
era,  and  we  have  yet  to  mention  the  igneous  rocks  associated 
with  the  sedimentary  formations  already  alluded  to. 

Volcanic  Rocks  of  the  Vol  di  Noto. — The  volcanic  rocks 
occasionally  associated  with  the  limestones,  sands^  and  marls 
already  described,  constitute  a  very  prominent  feature  through- 
out the  Val  di  Noto.  Great  confusion  might  have  been  ex- 
pected to  prevail,  where  lava  and  ejected  sand  and  scoriae  are 
intermixed  with  the  marine  strata,  and,  accordingly,  we  find  it 
often  impossible  to  recognize  the  exact  part  of  the  series  to 
which  the  beds  thus  interfered  with  belong. 

Sometimes  there  are  proofs  of  the  posterior  origin  of  the  lava, 
and  sometimes  of  the  newer  date  of  the  stratified  rock,  for  we 
find  dikes  of  lava  intersecting  both  the  marl  and  limestone, 
while,  in  other  places,  calcareous  beds  repose  upon  lava,  and 
are  unaltered  at  the  point  of  contact.  Thus  the  shelly  lime- 
stone of  Capo  Santa  Croce  rests  in  horizontal  strata  upon  a  mass 
of  lava,  which  had  evidently  been  long  exposed  to  the  action 
of  the  waves,  so  that  the  surface  has  been  worn  perfectly 
smooth.  The  limestone  is  unchanged  at  its  junction  with  the 
igneous  rock,  and  incloses  within  it  pebbles  of  the  lava*. 

The  volcanic  formations  of  the  Vol  di  Noto  usually  consist 
of  the  most  ordinary  variety  of  basalt  with  or  without  olivine. 
The  rock  is  sometimes  compact,  often  very  vesicular.     The 

lome  which  he  obtained  from  the  same  localities;  but  I  have  met  with  no  loolo- 
gists  who  could  name  the  species. 

*  Tliis  locality  is  described  by  Professor  Hoffmann,  Archiv  fiir  Minendogie,  &c. 
Berlin,  1831. 
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vesicles  are  occasionally  empty,  1x)th  in  dikes  and  currents, 
and  are  in  some  localities  filled  wiih  calcareous  spar,  ariagoiiite, 
and  zeolites.  The  structure  is,  in  some  places,  spheroidal,  in 
others,  though  rarely,  columnar.  I  found  dikes  of  amygda- 
loid, vacke,  and  prismatic  basalt,  intersecting  the  limestone  at 
the  bottom  of  the  hollow,  called  Gozzo  degli  Martiri,  below 
MeUlli. 

Dikes, — Dilies  of  vesicidar  and  amygdaloldal  lava  are  also 
seen  traversing  peperino,  west  of  Palagonia,  near  a  mill  by  the 
road  side. 


BaritMlal  uelian  of  Dikct 

ft,  PBperiQO,  cDnniBting  of  ToIcBiiic  s. 
of  limcsliiae. 

In  tliis  case  we  may  suppose  the  peperino  to  have  resulted 
from  showers  of  volcanic  sand  and  scoria?,  together  with  frag- 
ments of  liDicfilone  thrown  out  by  a  siibmarine  explosion, 
similar  lo  that  which  lately  gave  rise  to  the  volcanic  island  off 
Sciacca.  When  the  mass  was,  to  a  certain  degree,  consoli- 
dated, it  may  have  been  rent  open,  so  that  the  lava  ascended 
through  fissures,  the  walls  of  which  were  perfectly  even  and  pa- 
rallel. After  the  melted  matter  that  filled  the  rent  had  cooled 
down,  it  must  have  been  fractured  and  sliifted  horizontally 
by  a  lateral  movement. 

In  the  second  figure.  No.  7,  the  lava  has  more  the  appear- 
ance of  a  vein  which  forced  its  way  through  the  peperino,  avail- 
ing itself,  perhaps,  of  a  slight  passage  opened  by  rents  caused 
by  earthquakes.  Some  of  the  pores  of  the  lava,  in  these  dikes, 
are  empty,  while  others  arc  filled  with  carbonate  of  lime. 
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The  annexed  diagraoM  (Noa.  0  and  7)  npreaent  a  graail 
plan  of  the  rocks  as  they  are  exposed  to  view  on  ■  botuontd 
Burface.  We  think  it  highly  probable  that  nmilar  appen* 
ances  would  be  teen,  if  we  could  examine  the  flou'  of  the  min 
that  part  of  the  Mediterranean  where  the  wavea  have  recentlj 
washed  away  the  new  volcanic  island,  for  when  a  superincuB- 
bent  mass  of  ejected  fragments  has  been  removed  by  denudi< 
lion,  we  may  expect  to  tee  sectjons  of  dikes  traverang  tuff,  v, 
in  other  words,  sections  of  the  channels  of  commuDicatioD  l^ 
which  the  subterranean  lavas  reached  the  suriace. 

On  the  summit  of  the  limestone  platform  of  the  Val  di  Noto, 
I  more  than  once  saw  analogous  dikes,  not  only  of  lava  but  of 
volcanic  tulF,  rising  vertically  through  the  horizontal  stratii, 
and  having  no  connexion  with  any  igneous  masses  now  appa- 
rent on  the  surface.  In  regard  to  the  dikei  of  tuff  or  peptrine, 
wc  may  suppose  them  to  have  been  open  fissures  at  the  bottcmi 
of  the  sea.  into  which  volcanic  sand  and  scoriae  were  driited 
by  a  current. 

Tuffs  and  Peperinot. — In  the  hill  of  Novera,  between  Viz- 
zini  and  Militclli,  a  mass  of  limestone,  horizontally  stratiBed, 
comes  in  contact  with  inclined  strata  of  tuff  (see  diagram  No.8], 
No.  8. 


while  a  mixed  calcareous  and  volcanic  brecda,  a  a,  supports 
the  inclined  layers  of  tuff,  c.  The  vertical  fissure,  ft  &,  is  filled 
with  volcanic  sand  of  a  different  colour.  An  inspecdoo  of  this 
section  will  convince  the  reader  that  the  limestone  must  have 
been  greatly  dislocated  during  the  time  that  the  submarine 
eruptions  were  taking  place. 

At  the  town  of  Vizzini,  a  dike  of  lava  intersects  the  argilla- 
ceous strata,  and  converts  them  into  uliceous  achist,  which  hai 
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been  contorled  and  shivered  into  an  immense  number  of  frag- 
ments. 

We  have  stated  that  the  beds  of  limestone,  clay,  and  sand, 
in  the  Val  di  Nolo,  are  often  partially  intermixed  with  volcanic 
ejections,  such  as  may  have  been  showered  down  into  the  sea 
during  eruptions,  or  may  have  been  swept  by  rivers  from  the 
land.  When  the  volcanic  matter  predominates,  these  com- 
pound rocks  constitute  the  pepcrinos  of  the  Italian  minera- 
logists, some  of  which  are  highly  calcareous,  full  of  shells,  and 
extremely  hard,  being  capable  of  a  high  polish  like  marble. 
In  some  parts  of  the  Val  di  Noto  they  are  variously  mottled 
with  spots  of  red  and  yellow,  and  contain  small  angular  frag- 
ments, similar  to  the  lapilli  thrown  from  volcanos. 

It  is  recorded  thai,  during  the  iale  eruption  off  the  southern 
coast  of  Sicily,  opposite  Sciacca,  the  sea  was  in  a  state  of  violent 
ebullition,  and  filled,  for  several  weeks  continuously,  with  red 
or  chocolate- coloured  mud,  consisting  of  finely -com  minuted 
Ecorife.  During  this  period,  it  is  clear  that  the  waves  and  cur- 
rents that  have  since  had  power  to  sweep  away  the  island,  and 
disperse  its  materials  far  and  ivide  over  the  bed  of  the  sea,  must 
with  still  greater  ease  have  carried  to  vast  distances  the  fine  red 
mud,  which  was  seen  boiling  up  from  the  bottom,  so  that  it  may 
have  entered  largely  into  the  composition  of  modern  peperinos. 
Professor  Hoffmann  relates  that,  during  the  eruption  (June. 
1831),  the  surface  of  the  sea  was  strewed  over,  at  the  distance 
of  thirty  miles  from  the  new  volcano,  with  so  dense  a  covering 
of  scoriae,  that  the  fishermen  were  obliged  to  part  it  with  their 
oars,  in  order  to  propel  their  boats  through  the  water.  It  ii, 
therefore,  quite  consistent  with  analogy,  that  we  should  find 
the  ancient  lufis  and  peperinos  so  much  more  generally  d»< 
tributed  than  the  submarine  lavas. 

In  the  road  which  leads  from  Palagonia  to  Lago  Naftia,  and 
at  the  distance  of  about  a  mile  and  a  half  from  the  former 
place,  there  is  a  small  pass  where  the  hills,  on  both  sides,  consist 
of  a  calcareous  grit,  intermixed  with  some  grains  of  volcanic 
sand. 


lu  gtU  md  frprm;  rail  ff  Palmgmia.     Stulk  mdt  ^jm. 
ferU'Ml  Haslil  abeul  Ikirlf/trt. 


StrliM  tf  Ike  lamt  ttii  OK  IJumrlA  ridt  e/ Iht  pan. 
Tbe  dispodtion  of  the  strata,  on  both  sides  of  the  pass,  is  noet 
singular,  and  remarkably  veil  exposed,  as  the  harder  layers 
have  resisted  the  veaihering  of  the  atmosphere  and  project  in 
relief.  The  sections  exhibited  on  both  sides  of  the  pass  arc 
nearly  vertical,  and  do  not  exactly  correspond,  as  will  be  seen 
in  the  annexed  diagrams  (Noa.  9  and  10).  It  is  somewhat 
difficult  to  conceive  in  what  manner  this  arrangement  of  tbe 
layers  was  occasioned,  but  we  may,  perhaps,  suppose  it  to  have 
arisen  from  the  throwing  down  of  calcareous  sand  and  vdcanic 
matter,  upon  steep  slanting  banks  at  the  bottom  of  the  sea,  in 
which  case  they  might  have  accumulated  at  various  angles  of 
between  thirty  and  fifty  degrees,  as  may  be  frequently  seen  in 
the  sections  of  volcanic  cones  in  Iscliia  and  elsewhere.  The 
denuding  power  of  the  waves  may,  then,  have  cut  off  tbe  upper 


I.  VI.7  MCTLT — TAC  or  NOTO.  73 

"portion  of  these  banks,  so  that  nearly  horizontal  layers  may 
liave  been  superimposed  iin conformably,  after  which  another 
twnk  may  have  been  formed  in  a  similar  manner  to  the  first. 

folcanic  coniflomcrales. — In  the  Val  tli  Noto  we  sometimes 
meet  wilh  conglomerates  entirely  composed  of  volcanic  pebbles. 
They  usually  occur  in  the  neighbourhood  of  masses  of  lava, 
and  mny,  perhaps,  have  been  the  sliingle  produced  by  the 
wasting  cliffs  of  small  islands  m  a  volcanic  arciiipelago.  The 
fbnnation  of  similar  beds  of  volcanic  pebbles  may  now  be  seen 
in  progress  on  the  beach  north  of  Catania,  where  the  waves 
are  undermining  one  of  the  modern  lavas  of  Etna ;  and  the 
aame  may  also  be  seen  on  the  shores  of  Iscliia. 

Proofs  of  gradual  accumtihithn. — In  one  part  of  the  great 
lUDCslone  formation  near  Lentini,  I  found  some  imbedded  vol- 
canic pebbles,  covered  with  full-grown  scrpulic,  supplying  a 
beautiful  proof  of  a  considerable  interval  of  time  having  elapsed 
between  the  rounding  of  these  pebbles  and  their  indosure  in  a 
solid  stratum.  I  also  observed,  not  far  from  Vizzini,  a  very 
striking  illustration  of  the  length  of  the  intervals  which  occa- 
sionally separated  the  flows  of  distinct  lava-currents.  A  bed  of 
oysters,  perfectly  identifiable  with  our  common  ealabJe  species, 
no  less  than  twenty  feet  in  thickness,  is  there  seen  resting  upon 
a  current  of  basaltic  lava ;  upon  the  oystcr-bc<l  again  is  super- 
imposed a  second  mass  of  lava,  together  wtlli  tuff  or  peperino. 
Near  Galieri,  not  far  from  the  same  locality,  a  horizontal  bed, 
about  a  foot  and  a  half  in  thickness,  composed  entirely  of  a 
common  Mediterranean  coral  (Caryopkyllia  cespilom.  Lam.), 
is  also  seen  in  the  midst  of  the  same  series  of  alternating 
igneous  and  aqueous  formations.  These  corals  stand  erect 
as  they  grew,  and  after  being  traced  for  hundreds  of  yards,  are 
again  found  at  a  corresponding  height  on  (he  opposite  side  of 
(he  valley. 

Dip  and  direction.  —  The  disturbance  which  the  newer 
Pliocene  strata  have  undergone  in  Sieiiy,  subsequent  to  their 
deposition,  differs  greatly  in  different  places  j  in  general, 
however,  the   beds  arc  nearly  horizontal,  and  arc  not  often 
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and  before  him,  to  the  iK»rth,  the  cone  of  Etna  (see  djagm 
No.  11).  At  the  base  of  the  cone  he  beholds  a  low  line  of 
hills  p,  e  (No.  11),  formed  of  clays  and  marls,  associated  vitk 
yellowish  sand^  similar  to  the  formation  provindally  tennd 
'  Crcta/  iu  various  parts  of  Sicily. 

This  marine  formation,  which  is  composed  partly  of  Tdcmie 
and  partly  of  sedimentary  rocks,  is  seen  to  underlie  the  modem 
lavas  of  Etna.  To  what  extent  it  forms  the  base  of  the  moun- 
tain cannot  be  observed,  for  want  of  sections  of  the  lower  put 
of  the  cone,  but  the  marine  sub-Etnean  beds  are  not  obserred 
to  rise  to  a  greater  elevation  than  eight  hundred,  or,  at  die 
utmost,  one  thousand  feet  above  the  level  of  the  sea.  We 
should  remind  the  reader,  that  the  annexed  drawing  is  not  a 
section,  but  an  outline  view  of  Etna,  as  seen  from  Primosd^ 
so  that  the  proportional  height  of  the  volcanic  cone,  which  is, 
in  reality,  ten  times  greater  than  that  of  the  hills  of '  Creta^^at 
its  base,  is  not  represented,  the  summit  of  the  cone  being  ten 
or  twelve  miles  more  distant  from  the  plain  of  Catania,  than 
Lioodia. 

Connexion  of  the  sub-Etnean  strata  with  those  of  the  Vol  di 
Noto. — These  marine  strata  arc  found  both  on  the  southern  and 
eastern  foot  of  Etna,  and  it  is  impossible  not  to  infer  that  they 
belong  to  the  inferior  argillaceous  series  of  the  Val  di  Noto, 
which  they  resemble  both  in  mineral  and  organic  characters. 
In  one  locality  they  appear  on  the  opposite  sides  of  the  Valley 
of  the  Simeto,  covered  on  the  north  by  the  lavas  of  Etna,  and 
on  the  south  by  the  Val  di  Noto  limestone. 

Vol  di  Nolo.  No.  12.  Etna. 


a 


Section  from  Paiei'no  by  Logo  di  Naftla  to  Pala^nia, 

a.  Plain  of  the  Simeto.  b.  Base  ofthe  cone  ofEtna,  composed  of  mo<lem]araB. 
r.  Limestone  of  the  Val  di  Nolo.  </>  Clay,  sand,  and  associated  submarine  toI- 
cauic  rocks. 

If  in  the  country  adjacent  to  the  Lago  di  Naftia^  tlirough 
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lie  fDmiiitioiu  at  Ihe  base  of  Etna^T 
«f  tin  Vnl  ili  Nolo— Bay  of  Tnua—CycloiiUn  Ulei— Fonil  ihelli  of 
■p«cics — Basnlt  and  allertd  rocka  iu  lbs  Islu  uf  Cyclapi — Submirina 
of  the  Buy  of  Ticua  cat  currenta  frunt  EtniL — laleimil  itnicluie  of  tha 
of  Etna — XoX  ili  Caliuina — \^\  del  Bove  nut  au  micieat  crater — Iih  ync'i- 
■  iutctieftcd  by  eouulless  diln-a — Scenery  of  Ihe  Val  del  Bova — Fotro, 
tad  origia  cf  Ihe  dike* — Laru  and  biecciai  intenecteil  by  them. 


I  The  phenomena  considered  in  tlie  last  chapter  suggest  many 
r  theoretical  views  of  the  iiighest  interest  in  Geology;  but  before 
I  we  enter  upon  these  topics  we  are  desirous  of  describing  some 
[    formations  in  Valdemone,  which  are  analogous  to  those  of  the 

Val  di  Noto,  and  to  point  out  the  relation  of  such  rocks  to  the 

modern  lavas  of  Etna. 

If  the  traveller  passes  along  the  table-land,  formed  by  the 

great  hmestooe  of  the  Val  di  Noto,  until  it  terminates  suddenly 

near  Frimoaole,  he  there  sees  the  plain  of  Catania  at  Iiis  feet. 
No.  U. 


/  iru  0/  Eliut  /nan  Ihe  lummil  of  Iht  iim  float  phlfirm  a/  Primoia/e. 
a,  Iiighest  coae.  i,  Mgntagnuola.  c,  Uonto  MinudD,  with  imaUai  lateral 
conti  above,  d,  Town  gf  LicudiudeiMouuci,  e,  Maiioe  fucmatioa  called  ciela, 
ugilltccou*  and  tiudy  beds  with  a  few  ahelb,  and  onociated  volcanic  roeki. 
/,  EKaqnnoit  at  ittatified  iutw()ueaui  vulcanic  tuff,  ftc,  nortb-weil  of  CatDoia. 
f.  Town  of  Catania.  A,  i,  Dutted  line  eipietaing  the  highest  boundary  along 
which  Uie  roaiioe  ilrata  ars  Dccasionnlly  fetcn.  t,  PI aia  of  Catania.  /,  Linie- 
leplalfoimofPrimoioleoftbu  uewer  I'liuccni:,    m,  LaMolta  di  Catania. 
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observed  in  the  entire  thickness  c^  subjacent  beds  d  sand  nd 
clay. 

The  dip  of  the  marine  strata,  at  the  base  of  Etna,  is  by  no 
means  uniform  ;  on  the  eastern  side,  for  example,  they  are  sodm* 
tiroes  inclined  towards  the  sea,  and  at  others  towards  the  moon* 
tain.  Near  the  aqueduct  at  Ademd,  on  the  southern  side^  I 
observed  two  sections,  in  quarries  not  far  distant  from  each 
other,  where  beds  of  clay  and  yellow  sand  dipped,  in  one  locafilji 
at  an  angle  of  forty-five  degrees  to  the  east-south-east,  and  in 
the  other  at  a  much  higher  inclination  in  the  opposite  directioo. 
These  facts  would  be  of  small  interest,  if  an  attempt  had  not 
been  made  to  represent  these  mixed  marine  and  volcanic  de- 
posits which  encircle  part  of  the  base  of  Etna,  as  the  outer 
margin  of  a  so-called  '  elevation  crater*.' 

Near  Catania  the  marine  formation,  consisting  chiefly  of 
volcanic  tufi^  thinly  laminated,  terminates  in  a  steep  inland  cliff, 
or  escarpment,  which  is  from  six  hundred  to  eight  hundred  feet 
in  height.  A  low  flat,  composed  of  recent  lava  and  volcanic 
sand,  intervenes  between  the  sea  and  the  base  of  this  escarp* 
ment,  which  may  be  well  seen  at  Fasano.   (/,  diagram  No.  11.) 

Eastern  side  of  Etna'^Bay  of  IVeafara.— Proceeding  north- 
wards from  Catania,  we  have  opportunities  of  examining  the 
same  sub-Etnean  formations  laid  open  more  distinctly  in  the 
modem  sea  cliffs,  especially  in  the  Bay  of  Trezza  and  in  the 
Cyclopian  islands  (Dei  Faraglioni),  which  may  be  regarded  as 
the  extremity  of  a  promontory  severed  from  the  main  land. 
Numerous  are  the  proofs  of  submarine  eruptions  of  high  an- 
tiquity in  this  spot,  where  the  argillaceous  and  sandy  beds  have 
been  invaded  and  intersected  by  lava,  and  where  those  peculiar 
tufaceous  breccias  occur  which  result  from  ejections  of  fragmen- 
tary matter,  projected  from  a  volcanic  vent.  I  observed  many 
angular  and  hardened  fragments  of  laminated  clay  (creta),  in 
different  states  of  alteration,  between  La  Trezza  and  Nizzitta, 
and  in  the  hills  above  Aci  Castello,  a  town  on  the  main  land 
contiguous  to  the  Cyclopian  isles,  which  could  not  be  mistaken 

*  Se9  vol.  i.  chap.  zzii. 
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by  one  fftmiliar  with  Somma  and  the  minor  cones  of  Iscliia,  for 
anything  but  masses  thrown  out  by  volcanic  explosions.  From 
the  tuffs  and  marls  of  this  district  I  collected  a  great  variety  of 
marine  shells*,  almost  all  of  nhidi  have  been  identified  with 
species  now  inhabiting  the  Minliterancan,  and,  for  the  most  part, 
now  frequent  on  Uie  coast  immediately  adjacent.  Some  few 
of  these  fossil  shells  retain  part  of  their  colour,  which  is  the 
same  aa  in  their  living  analogues. 

The  largest  of  the  Cyclopian  islets,  or  rather  rocks,  is  distant 
two  hundred  yards  from  the  land,  and  is  only  three  hundred 
yards  in  circumference,  and  about  two  hundred  feet  in  height. 
The  summit  and  northern  sides  are  formed  of  a  mass  of  strati- 
fied marl  (creta),  the  laminte  of  which  are  occasionally  subdi- 
vided by  thip  arenaceous  layers.  These  strata  rest  on  a  mass 
of  columnar  lava  (see  wood-cut.  No.  14) j,  which  appears  to 
haveforceditself  into,  and  IQ  have  heaved  up  the  stratified  mass. 


»-■>«  o/lAf  hit  c/Cfdnpi  ™  Ihe  flojf  ./  Tifzta. 

•  Ste,  in  Appendix  No.  11^  a  list,  by  W,  Deihsyes,  of  siity-Sre  »p«cita,  which 
I  pfocund  rram  the  liills  calkii  Monte  CavaUccio,  Rocca  Ui  Ferro,  and  Korea  di 
Bvmpolen  (or  Botgis). 
t  Tl«i  cut  ii  Tioinaa  original  drawing  by  my  friend  CaptW.  H.Smylh,  R.N, 
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This  theory  of  the  intrusion  of  the  basalt  is  ooafinned  by  Ac 
fact,  that  in  some  places  the  clay  has  been  greatly  altered,  ud 
hardeoed  by  the  action  of  heat,  and  occasionally  contorted  m 
the  most  extraordinary  manner,  the  lamination  not  having  been 
obliterated,  but,  on  the  contrary,  mtdered  much  more  ooo* 
apicuous  by  the  indurating  process. 

The  annexed  wood-cut  (No.  15)  is  a  careful  representatka 
of  a  portion  of  the  altered  rock,  a  few  feet  square,  where  tbc 
alternate  thin  lamina  of  sand  and  clay  have  put  oa  the  appear- 
ance which  we  often  observe  in  some  of  the  most  conu^cd  of 
the  primary  schista. 

Ha.  I). 


Pt'aeettlnta,  ItU  tf  (^/eltpt. 


A  great  fissure,  running  from  east  to  vest,  nearly  divides 
the  island  into  two  parts,  and  lays  open  its  internal  structure. 
In  the  section  thus  exhibited,  a  dike  of  lava  is  seen,  first  cut- 
ting through  an  older  mass  of  lava,  and  then  penetrating  the 
superincumbent  tertiary  strata.  In  one  locality,  the  lava  rami- 
fies and  terminates  in  thin  veins,  from  a  few  feet  to  a  few  inches 
in  thickness  (see  diagram  No.  16). 


f/twfr  PHottut  ttrala  intadnt  if  Aim,  Jilt  of  Cgdapi  (korizonlal  ttclion). 
a,  Lua.  b,  bmiDiilcil  clay  and  land,  c,  the  tame  ultuml. 
Tlie  arenaceous  lainins  are  much  Imrdenctt  at  the  point  of  con- 
tact, and  the  clays  arc  converted  into  sihceoiia  schUt.  In  this 
island  the  altered  rocks  assume  a  honeycombed  structure  on 
their  weathered  surface,  singularly  contrasted  with  the  smooth 
and  even  outline  winch  the  same  beds  present  in  their  usual 
soft  and  yielding  state. 

The  pores  of  the  lava  are  sometimes  coated,  or  entirely  tilled, 
with  carbonate  of  lime,  and  with  a  zcuhte  resembling  analcime, 
which  has  been  called  cyclopite.  T!ie  latter  mineral  hns  also 
been  found  in  small  fissures  traversing  the  altered  marl,  show- 
ing that  the  same  cause  which  introduced  the  minerals  into  the 
cavities  of  the  lava,  whether  we  suppose  sublimation  or  aqueous 
infiltration,  conveyed  it  also  into  the  open  rents  of  the  con- 
tiguous sedimentary  strata. 

Lavas  of  the  Cyclopian  hies  not  currents  from  Etna. — The 
phenomena  of  the  Bay  of  Trezza  are  very  important,  for  it  is 
evident  that  the  submarine  lavas  were  produced  by  eruptions   i 
on  the  spot,  an  inference  which  follows  not  only  from  the  pre- 
sence of  dikes  and  veins,  but  frum  those  tuffs  above  Castcllo  I 
d'Aci,  which  contain  angular  fragments  of  hanlened  marl,  i 
dently  thrown  up,  together  with  the  sand  and  sconce,  by  volcanici 

Vol.  III.  G 
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explosions.  We  may,  therefore,  suppose  this  Tolcanic  actkn 
to  have  been  as  independent  of  the  modem  vents  of  Etna,  as 
that  which  gave  rise  to  the  analogous  formations  in  the  Val  di 
Noto.  It  IS  quite  evident  that  the  lavas  of  the  Cyclojnan  isles 
are  not  the  lower  extremities  of  currents  which  flowed  down 
from  the  highest  crater  of  Etna,  or  from  the  region  where 
lateral  eruptions  are  now  frequent, — ^lavaa  which,  after  enterii^ 
the  sea,  were  afterwards  upraised  into  their  present  positKXL 
It  is  more  probable  that  the  basalts  of  the  Bay  of  Trezza,  and 
those  along  the  southern  foot  of  Etna,  at  La  Motta,  Ademo, 
Patemo,  Licodia,  and  other  places,  originated  in  the  same  sea 
in  which  the  eruptions  of  the  Val  di  Noto  took  place. 

There  arc,  however,  as  we  have  observed,  no  sections  to 
prove  that  the  central  and  oldest  parts  of  Etna  repose  on  similar 
submarine  formations.  The  modem  lavas  of  the  volcano  are 
continually  extending  their  area,  and  covering,  from  time  to 
time,  a  larger  portion  of  the  marine  strata ;  but  we  know  not 
where  this  operation  commenced,  so  that  we  cannot  demonstrate 
the  posteriority  of  the  whole  cone  to  these  newer  Pliocene 
strata. 

Wc  might  imagine  that  when  the  volcanos  of  the  Val  di  Noto 
were  in  activity,  and  when  the  eruptions  of  the  Bay  of  Trezza 
were  taking  place,  Etna  already  existed  as  a  volcano,  the 
upper  part  only  of  the  cone  projecting  above  the  level  of  the 
waters,  as  in  the  case  of  StromboH  at  present.  By  such  an 
hypothesis,  we  might  refer  the  origin  of  the  older  part  of  Etna 
to  the  same  period  as  that  of  the  sedimentary  strata  and  vol- 
canic rocks  of  the  Val  di  Noto. 

But,  for  our  own  part,  we  see  no  grounds  for  inclining  to 
such  a  theory,  since  we  must  admit  that  a  sufficient  series  of 
ages  has  elapsed  since  the  limestone  of  the  Val  di  Noto  was  de- 
posited, to  allow  the  same  to  be  elevated  to  the  height  of  from 
two  thousand  to  three  thousand  feet,  in  which  case  there  may 
also  have  been  sufficient  time  for  the  growth  of  a  volcanic  pile 
like  Etna,  since  the  newer  Pliocene  strata  now  seen  at  the  base 
of  the  volcano  originated. 
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INTBBNAL  STRUCTURE  OF  THE  CONS  OF  ETNA. 
In  oup  first  volume  we  merely  described  that  part  of  Etna 
which  has  been  formed  liuring  the  liistorical  era;  an  insigni- 
Scant  ]X)rtion  of  the  whole  mass.  Nearly  all  the  remainder 
may  be  referred  to  Ihe  tertiary  period  immediately  antecedent 
to  the  Ttrml  epoch.  We  liefore  slated,  that  the  great  cone  is, 
in  general,  of  a  very  symmetrical  form,  but  is  broken,  on  its 
eastern  side,  by  a  deep  valley,  called  the  Val  del  Bove*,  which. 


Great  tn«ry  db  He  enil  tide  r,f  Eltta. 

c,  tli-ad  of  Vul  dvl  Bove.    <i,  d,  Seric  del 
lati^ral  cunt's,    y,  Munti  Rossi. 

commencing  near  the  summit  of  the  mountain,  descends  into 
the  woody  region,  and  is  then  continued,  on  one  aide,  by  a 
second  and  narrower  valley,  called  ihe  Val  di  Calanna.  Below 
the  Utter  another,  named  the  Val  di  St.  Giaeomo,  begins, — a 
long  narrow  ravine,  which  is  prolonged  to  the  neighbourhood 
of  Zaflarana  (e,  No,  17),  on  the  confines  of  the  fertile  region. 
These  natural  incisions,  into  the  side  of  the  volcano,  are  of  sucli 


■  In  Ihe  piomcial  dialect  of  tlie  peauut*  culkd  '  Val  ilul  Bu6,'  foi  hete 


tbs 

'  ID  reiliicIA  va.l1e  oiugieHliuiH 

Ptofpedil  errantiis  giuges.— ' 
Dr.  BuekUnd  was,  I  believr,  Ihe  llrat  Kngtiiih  (jcolotpit  who  ngmined  thu  Tallej 
■ith  Mlcutiou,  lud  1  am  indebted  li>  him  Tot  IwvinK  dcKrilxil  it  lo  me,  twfoN 
tan  1"**  to  Sicily,  as  more  woiihy  araltcalion  tliDQ  any  sinulv  ipol  in  thai  iibind, 
or  perhaps  in  Europe.  I  have  atteaily  daUil,  thot  the  tiiw  of  lliia  valley,  trhirh 
I  have  giTen  in  Ihe  rrantispicee  of  f lie  seeonil  vulun^e,  itcet  iiol  jirclcnd  to  euuvey 
■II)'  uIm  of  Iho  grandeur  of  Ihv  trvae, 
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depth  that  they  expose  to  view  a  great  part  of  the  structure  of 
the  entire  mass,  which,  in  the  Val  del  Bove,  is  laid  open  to  the 
depth  of  from  four  thousand  to  five  thousand  feet  from  the 
summit  of  Etna.  The  geologist  thus  enjoys  an  opportunity 
of  ascertaining  how  far  the  internal  conformation  of  the  cooe 
corresponds  with  what  he  might  have  anticipated  as  the  result 
of  that  mode  of  increase  which  has  been  witnessed  during  the 
historical  era. 

It  is  clear,  from  what  we  before  said  of  the  gradual  manner 
in  which  the  principal  cone  increases,  partly  by  streams  of  lava 
and  showers  of  volcanic  ashes  ejected  from  the  summit,  partly 
by  the  throwing  up  of  minor  hills  and  the  issuing  of  lava-cur* 
rents  on  the  flanks  of  the  mountain,  that  the  whole  cone  must 
consist  of  a  series  of  cones  enveloping  others,  the  regularity  of 
each  being  only  interrupted  by  the  interference  of  the  lateral 
volcanos. 

We  might,  therefore,  have  anticipated  that  a  section  of  Etna, 
as  exposed  in  a  ravine  which  should  begin  near  the  summit  and 
extend  nearly  to  the  sea,  would  correspond  very  closely  to  the 
section  of  the  ancient  Vesuvius,  commencing  with  the  escarp- 
ment of  Somma,  and  ending  with  the  Fossa  Grande ;  but  with 
this  difference,  that  where  the  ravine  intersects  the  woody 
region  of  Etna,  indications  must  appear  of  changes  brought 
about  by  lateral  eruptions.  Now  the  section  before  alluded  to, 
which  can  be  traced  from  the  head  of  the  Val  del  Bove  to  the 
inferior  borders  of  the  woody  region,  fully  answers  such  ex- 
pectations. We  find,  almost  everywhere,  a  series  of  layers  of 
tuff*  and  breccia  interstratified  with  lavas,  which  slope  gently  to 
the  sea,  at  an  angle  of  from  twenty  to  thirty  degrees  ;  and  as 
we  rise  to  the  parallel  of  the  zone  of  lateral  eruptions,  and  still 
more  as  we  approach  the  summit,  we  discover  indications  of 
disturbances^  occasioned  by  the  passage  of  lava  from  below^ 
and  the  successive  inhumation  of  lateral  cones. 

Val  di  Calamia, — On  leaving  Zaffarana,  on  the  borders  of 
the  fertile  region,  we  enter  the  ravine-like  valley  of  St.  Gia- 
como,  and  see  on  the  north  side,  or  on  our  right  as  we  ascend^ 
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rising  ground  composed  of  the  modern  lavas  of  Eina.  Oa 
our  left,  a  lofty  cliff,  wherein  a  regular  series  of  beds  is 
exhibited,  composed  of  tuffs  and  lavas,  descending  with  a 
gentle  inclination  towards  the  sea.  In  this  lower  part  of  the 
section  there  are  no  intersecting  dikes,  nor  any  signs  of  minor 
cones  interfering  with  the  regular  slope  of  the  alteniating  vol- 
canic products.  If  we  then  pass  upwards  through  a  defile, 
called  the  '  Portello  di  Calanna,'  we  enter  a  second  valley,  that 
of  Calanna,  resembling  the  ravine  before  mentioned,  but  wider 
and  much  deeper.  Here  again  we  find,  on  our  right,  many 
currents  of  modern  lava,  piled  one  upon  the  other,  and  on  our 
left  a  continuation  of  our  former  section,  in  a.  perpendicular 
cliff  from  four  hundred  to  five  hundred  feet  high.  As  tliisi 
lofty  wall  sweeps  in  a  curve,  it  has  very  much  the  appearance 
of  the  escarpment  which  Somma  presents  towards  Vesuvius, 
and  this  resemblance  is  increased  by  the  occurrence  of  two  or 
three  vertical  dikes  which  traverse  the  gently-inclined  volcanic 
betls.  When  I  first  beheld  this  precipice,  I  fancied  that  I 
had  entered  a  lateral  crater,  but  was  soon  undeceived,  by 
discovering  that  on  all  sides,  both  at  the  head  of  the  valley, 
in  the  hill  of  Zocolaro,  and  at  its  side  and  lower  extremity, 
the  dip  of  the  beds  was  always  in  the  same  direction,  all  slant- 
ing to  the  east,  or  towards  the  sea,  instead  of  sloping  to  the 
north,  east,  and  south,  as  would  have  been  the  case  had  they 
constituted  three  walls  of  an  ancient  crater. 

It  is  not  diilicuh  to  explain  how  the  valleys  of  St.  Giacomo 
and  Calanna  originated,  when  once  the  hue  of  lufiy  precipices 
on  the  north  side  of  them  had  been  formed.  Many  lava-cur- 
rents flowing  down  successively  from  the  higher  regions  of 
Etna,  along  the  foot  of  a  great  escarpment  of  volcanic  rock, 
have  at  length  been  turned  by  a  promontory  at  the  head  of  the 
valley  of  Calanna,  which  runs  out  at  right  angles  to  the  great 
line  of  precipices.  This  promontory  consists  of  the  hills  called 
Zocolaro  and  Calanna,  and  of  a  ridge  of  inferior  height  which 
connects  them.     (See  diagram  No.  IS.) 


*^ 


■w  faem  (Mected  from  th^ 
jwt  ■■  a  ddal  current,  after 
is  cAen  throvn  off  into  a 


e  solid  extemflUy,  even 
I,  ^d  tWv  ades  may  be  compared  lo  two 
B  inclined  at  an  angle  of  forty- 
five  (kgrees.  W  hen  nx^nrfMas  descend  a  considerable  slope 
M  the  Ihm  of  a  tine  of  pndpSces,  and  are  turned  from  their 
coane  by  m  ptDJecdi^  rock,  ihey  move  right  onwards  in  a  new 
dinctkn,  bo  as  lo  leave  a  considerable  space  (as  in  the  Valley 
of  Catanna)  between  them  and  the  cliifs  "'ij^Bliy  ^  ^^' 
liituous  liclow  the  point  of  Hcfleciioii. 

It  liappened  in  1811  and  1819,  that  iIil'  ll 
topped  the  ridge  intervening  between  tlic  liill. 
Cftlanna.  so  thdl  tliey  fell  in  a  cascade  over 
ami  began  to  fill  up 'I'evalle- 


The  narrow  cHViiy 


iiy  of  St.  ' 


lion  iircasi^'iy 


'Iv  siinilai"  to  that 
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Fitt  del  Bot?.— After  passing  up  through  the  defile,  called 
the  '  Rocca  di  Calanna,'  we  enter  a  third  valley  of  truly 
tnagnifieeut  dimensions — the  Val  del  Bove — a  vast  amphi- 
theatre four  or  five  miles  in  diameter,  surrounded  by  nearly 
vertical  precipices,  varying  from  one  thousand  to  above  three 
thousand  feet  in  height,  the  loftiest  being  at  the  upper  end, 
snd  the  height  gradually  diminishing  on  both  sides.  The 
feature  which  first  strikes  the  geologist  as  distinguishing  this 
valley  from  those  before  mentioned,  is  the  prodigious  mul- 
titudes of  vertical  dikes,  which  are  seen  in  all  directions  tra- 
versing the  volcanic  beds.  The  circular  form  of  this  great 
chasm,  and  the  occurrence  of  these  countless  dikes,  amounting 
perhaps  to  several  thousands  in  number,  so  forcibly  recalled 
to  my  mind  the  phenomena  of  the  Atrio  del  Cavallo,  on 
Vesuvius,  that  I  imagined  once  more  that  I  had  entered  a 
vast  crater,  on  a  scale  as  far  exceeding  that  of  Somma,  as  Etna 
Eurposses  Vesuvius  in  magnitude. 

But  having  already  been  deceived  in  regard  to  the  crescent- 
shaped  precipice  of  the  valley  of  Calanna,  I  began  attentively 
to  explore  the  different  sides  of  the  great  am  pli  it  heat  re,  in  order 
to  satisfy  myself  whether  the  semicircular  wall  of  the  Val  del 
Bove  had  ever  formed  the  boundary  of  a  crater,  and  whether 
the  beds  had  the  same  qu&quil-versal  dip  which  is  so  beauti- 
fully exhibited  in  the  escarpment  of  Somma.  If  the  supposed 
analogy  between  Somma  and  the  Val  del  Bove  should  hold  true, 
the  tuffs  and  lavas,  at  the  head  of  the  valley,  would  dip  to  the 
west,  those  on  the  north  side  towards  the  north,  and  those  on 
Itie  southern  side  to  the  south.  But  such  I  did  nut  And  to  be 
the  inclination  of  the  beds ;  they  all  dip  towards  the  sea,  or 
nearly  east,  as  was  before  seen  to  be  the  cose  in  the  Valley  of 
Calanna. 

There  are  undoubtedly  exceptions  to  this  general  rule,  which 
might  deceive  a  geologist  who  was  strongly  prepossessed  wiili 
a  belief  (hat  he  had  discovered  thu  hollow  of  an  ancient  crater. 
It  is  evident  that,  wherever  lateral  cones  are  intersected  in  the 
precipices,  a  series  of  tuffs  and  lavas,  very  similar  to  those  wtiic'' 
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enter  into  the  structure  of  the  great  cone,  will  be  seen  Appng 
at  a  much  more  rapid  angle. 

The  lavas  and  tufls^  which  have  confonned  to  the  ttdes  of 
Etna,  dip  at  angles  of  from  fifteen  to  twenty-five  d^rees,  while 
the  slope  of  the  lateral  cones  is  from  thirty-five  to  fifty  dq;rees. 
Now,  wherever  we  meet  with  sections  of  these  buried  cones  m 
the  precipices  bordering  the  Val  del  Bove,  (and  they  are  fre- 
quent in  the  cliffs  called  the  Serre  del  Solfizio,  and  in  those 
near  the  head  of  the  valley  not  far  from  the  rock  of  Musara,] 
we  find  the  beds  dipping  at  high  angles  and  inclined  in  various 
directions*. 

Scenery  of  the  Pal  del  Bove.— Without  entering  at  present 
into  any  further  discussions  respecting  the  origin  of  the  Val  del 
Dove,  we  shall  proceed  to  describe  some  of  its  most  remarkaUe 
features.  Let  the  reader  picture  to  himself  a  large  amphi- 
theatre, five  miles  in  diameter,  and  surrounded  on  three  sides 
by  precipices  from  two  thousand  to  three  thousand  feet  in 
height.  If  he  has  beheld  that  most  picturesque  scene  in  the 
chain  of^  the  Pyrenees,  the  celebrated  '  cirque  of  Gavamie,' 
he  may  form  some  conception  of  the  magnificent  circle  of  pre- 
cipitous rocks  which  inclose,  on  three  sides,  the  great  plain 
of  the  Val  del  Bove.  This  plain  has  been  deluged  by  re- 
peated streams  of  lava,  and  although  it  appears  almost  level 
when  viewed  from  a  distance,  it  is,  in  fact,  more  uneven 
than  the  surface  of  the  most  tempestuous  sea.  Besides  the 
minor  irregularities  of  the  lava,  the  valley  is  in  one  part  inter- 
rupted by  a  ridge  of  rocks,  two  of  which,  Musara  and  Capra, 
are  very  prominent.     It  can  hardly  be  said  that  they 

■  '  like  giants  stand 

To  sentinel  enchanted  land  ;* 

for  although,  like  the  Trosachs,  they  are  of  gigantic  dimen- 

*  I  perceive  that  Professor  HofFbann,  who  visited  the  Val  del  Bove  aHer  me 
(in  January,  1831),  has  speculated  on  its  structure  as  corresponding  to  that  of  the 
so-called  elevation  craters,  which  h}7)othesis  would  require  that  there  should  he  a 
quftquE-vcrsal  dip,  such  as  I  have  above  alluded  to.  I  can  only  account  for  this 
diiRfrence  of  opinion,  by  supposing  the  Professor  to  have  overlooked  the  pheno- 
mena of  tho  buried  coiiei«-*Archiv  fdr  Miueralogie,  &c.    Berlin,  1831, 
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sions,  and  appear  almost  isolated  as  seen  from  many  points,  yet 
ibe  stern  and  severe  grandeur  of  the  scenery  wliicli  they  adorn 
is  not  such  as  would  be  selected  by  a  poet  for  a  vale  of  enchatit- 
ment.  The  cliaraclcr  of  the  scene  woidd  accord  far  better 
with  Milton 'spicture  of  ibe  infernal  world  ;  and  if  wo  imagine 
ourselves  to  behold  in  motion,  in  the  darkness  of  the  night,  one 
of  those  fiery  currents,  which  have  so  often  traversed  the  great 
valley,  we  may  well  recall 

'  yon  dreary  i^laia,  roclorn  and  wilJ, 

The  seat  of  iletolation,  vuiil  of  light 

Save  what  the  glimmeiing  of  t]\i:se  vitid  fiaines 

Caht  pulo  aad  dreadful.' 

The  face  of  the  precipices  already  mentioned  is  broken  in 
the  most  picturesque  manner  by  the  vertical  walls  of  lava  which 
traverse  them.  These  masses  usually  stand  out  in  relief,  are 
exceedingly  diversified  in  form,  and  often  of  immense  altitude. 
In  the  autumn,  their  black  oudine  may  often  be  seen  relieved 
by  clouds  of  fleecy  vapour  which  settle  behind  them,  and  do 
not  disperse  until  midday,  coniinning  to  fill  the  valley  while 
the  sun  is  shining  on  every  other  part  of  Sicily,  and  on  the 
liighcr  regions  of  Etna. 

As  soon  as  the  vajiours  begin  to  rise,  the  changes  of  scene 
are  varied  in  the  highest  degree,  different  rocks  being  unveiled 
and  hidden  by  turns,  and  ihe  summit  of  Etna  often  breaking 
through  the  clouds  for  a  niomcnt  with  its  dazzling  snows,  and 
being  then  as  suddenly  withdrawn  from  the  view. 

An  unusual  silence  prevails,  for  there  are  no  torrents  dash- 
ing from  the  rocks,  nor  any  movement  of  running  water  in 
this  valley,  such  as  may  almost  invariably  be  heard  in  moun- 
tainous regions.  Every  drop  of  water  that  falla  from  the 
heavens,  or  flows  from  the  melting  ice  and  snow,  is  instantly 
absorbed  by  the  porous  lava ;  and  such  is  the  dearth  of  springs, 
that  the  herdsman  is  compelled  to  supply  his  flocks,  during  the 
hot  season,  from  stores  of  snow  laid  up  in  hollows  of  the  moun- 
tain during  winter. 

The  strips  of  green  herbage  and  forest-land,  which  have 
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here  and  there  escaped  the  burning  laras,  senre,  bj  contrui,  lo  ' 
hcighltn  ihc  desolation  of  the  scene.  When  I  risated  tht 
valley,  nine  years  after  the  eruption  of  1819, 1  aaw  hundred) irf 
trees,  or  rather  the  white  skeletons  of  trees,  on  the  bordirjrf 
the  black  lava,  the  trunks  and  branches  bdng  all  leafles,  ud 
deprived  of  their  bark  by  the  scorching  heat  emitted  from  llw 
melted  rock  ;  an  image  recalling  those  beautiful  lioe^— 

'  Ag  when  heaven's  Bre 

Ilath  sciLth'd  the  furest  oolu,  at  mouatun  pine*, 
Wilh  singed  lop  their  itatel;  growth,  though  bar^ 
Stuiila  on  the  blasled  beatb.' 
Porm,  coTHpositioti,  and  origin  of  the  Dikes.— ^Sut  witboul 
indulging  the  imagination  any  longer  in  descriptions  of  scenery, 
we  may  observe,  that  the  dikes  before  mentioned  form  unques- 
tionably the  most  interesting  geological  phenomenon  in  the  Val 
del  Bove.  


F 

I  Mue  basalt  whh  olivine.  They  vary  in  broadth  from  two  to 
I  tweoly  feet  and  upwards,  and  usually  project  from  the  face  of 
j    the  cliffs,  as  represented  in   the  annexed  drawing  (No.   19). 

fhey  consist  of  harder  materials  than  the  strata  which  they 
I    traverse,  and  therefore  waste  away  less  rapidly  under  the  in- 

fluence  of  that  repeated  congeUtion  and  thawing  to  which  the 
j    rocks  in  this  zone  of  Etna  are  exposed.     The  dikes  are,  for 

the  most  part,  vertical,  but  sotnctimes  they  run  in  a  tortuous 
I  course  through  the  tuffs  and  Lreccias,  as  represented  in  dia- 
m.  No.  20.     In  the  escarpment  of  Sorama  where,  as  we 
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nim  tf  Latm,  Punio  S  Guimenlo, 
before  observed,  simiiar  walls  of  lava  cut  through  alternating 
beds  of  sand  and  scoriae,  a  coating  of  coal-black  rock,  approach- 
ing in  Its  nature  and  appearance  to  pitch-stone,  is  seen  at  the 
contact  of  the  dike  with  the  intersected  beds.  I  did  nut  ob- 
serve such  parting  layers  at  the  junction  of  the  Etnean  dikes 
which  I  examined,  but  they  may  perhaps  be  discoverable. 

The  geographical  position  of  these  dikes  is  most  interesting, 
as  they  occur  in  that  zone  of  the  mountain  where  lateral  erup- 
tions are  frequent ;  whereas,  in  the  valley  of  Calanna,  which  is 
below  that  parallel,  and  in  a  region  where  lateral  eruptions  are 
extremely  rare,  scarcely  any  dikes  are  seen,  and  none  whatever 
still  lower  in  the  valley  of  St.  Giacomo.  This  is  precisely 
whut  we  should  have  expected,  if  we  consider  the  vertical 
£fi£ures  now  filled  with  rock  to  have  been  the  feeders  of  laterttl 
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cones,  or,  in  oilier  words,  the  channels  which  gave  piu^igi!  to 
the  lava-currents  and  scoritt  that  have  issued  from  venu  in  tb: 
forest- zone. 

Some  fissures  may  have  been  filled  from  above,  bai  I^ 
uot  »cc  any  which,  by  terminating  downwards,  gave  proof  tf 
Eucli  an  origin.  Almost  all  the  i$ulalctl  masses  in  the  Val  lU 
Bovc,  suth  as  Capra,  Musara,  and  others,  ai-e  traversed  bj 
dikes,  and  may,  perhaps,  have  partly  owed  their  prcservUim 
to  that  circumstance,  if  at  least  the  action  of  occasJonal  II 
has  been  one  of  the  deslrojing  causes  in  the  Val  del  Bove ;  fat 
there  is  nothing  which  affords  so  much  protection  to  a  nu 
strata  against  the  nndcrmining  action  of  running  water,  as  i 
perpendicular  dike  of  hard  rock. 

In  the  accompanying  drawing  (No.  SI)  the  flowing  of 
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lavas  of  1811  and  1819,  between  the  rocks  Finochio,  Capra,  and 
Musara,  is  represented.  Tlio  height  of  the  two  last-mentioned 
isolated  masses  has  been  much  diminished  by  the  elevation  of 
their  base,  caused  by  these  currenls.  They  may,  perhaps,  be 
the  remnants  of  cones,  wliicb  existed  before  the  Val  del  Bove 
was  formed,  and  may  hereafter  be  once  more  buried  by  the 
lavas  that  are  now  occuniulating  in  the  valley. 


>.Vn.J     LAVAS  AVD  URKCCIAS 

From  no  point  of  view  are  the  dikes  more  conspicuous  than 
t  the  summit  of  the  highest  cone  of  Etna ;  a  view  of  a 
(of  them  are  given  in  the  annexed  drawing*. 

No.  22. 
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havoM  and  brfccias. — In  regard  to  the  volcanic  masses  which 
arc  intersected  by  dikes  in  the  Val  del  Bove,  they  consist, 
in  great  part,  of  graystone  lavas,  of  an  intermediate  character 
between  basalt  and  trachyte,  and  partly  of  the  trachylic  vari- 
eties of  lava,  Beds  of  scoritE  and  sand,  also,  are  very  nume- 
rous, alternating  with  breccias  formed  of  angular  blocks  of 
igneous  rock.  It  is  possible  that  some  of  the  breccias  may  be 
referred  to  aqueous  causes,  as  we  have  before  seen  that  great 

•  Tlu(drawiD)>igpiirt  ofa  pftDDmnieakelcU  vliich  I  maili:  fom  Hib  aummlt 
Dftba  cone,  DvoMubcr  1st,  tS2S,  nlivii  every  (art  of  Etna  uaij  Tree  rrom  clouils 
cmpt  the  Val  ilul  Bove. 
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floods  do  occasionally  sweep  down  the  flanks  of  Etna  nba 
eruptions  take  place  in  winter,  and  when  the  snows  are  ncltdi 
by  lava. 

Many  of  the  angular  fragments  may  have  been  thrown  oat 
by  volcanic  explosions,  which^  falling  on  the  hardened  sur- 
face  of  moving  lava-currents,  may  have  been  carried  to  a  eon* 
siderable  distance.     It  may  also  happen,  that  when  kva  ad- 
vances very  slowly,  in  the  numner  of  theflow  of  1819^  described 
in  the  first  volume*,  the  angular  masses  resulting  from  the 
frequent  breaking  of  the  mass  as  it  rolls  over  upon  itadf,  mtj 
produce  these  breedas.    It  is  at  least  certain,  that  the  uppa 
portion  of  the  lava-currents  of  1811  and  1819^  now  consist  of 
angular  masses  to  the  depth  of  many  yards« 

D*Aubuisson  has  compared  the  surface  of  one  of  the  aDcieat 
lavas  of  Auvergne  to  that  of  a  river  suddenly  froien  over  by 
the  stoppage  of  immense  fragments  of  drift-ice,  a  descriptioD 
perfectly  applicable  to  tliese  modem  Etnean  flows. 

*  Chap,ssL 
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I  SfiMiiUliuBi  on  Iha  ori|{iu  of  the  Val  del  Bave  gq  Etna — SubsiileuciM — Antiqiiiljr 
sf  Ibe  CUM  of  Etna — Moile  of  comimtiiig  Ihn  age  uf  vulcanu* — Thuir  (prgwih 
AiiAiogtius  to  thai  of  eiogtDOiia  trci^^^-Pi'iiod  r^^uirtid  for  the  procJuctiuD  of 
the  Utcral  conui  of  Etna— Wbvther  tig  as  of  Uiluviil  Waves  uu  observable  oa 


OmOIN  OF  THE  VAL  DEL  BOVE, 
Befobe  concluding  our  observations  on  the  cone  of  Etna,  the 
•tructure  of  whit:h  was  considered  in  the  last  chapter,  wc  desire 
to  call  the  reader's  attention  to  several  questions : — first,  in 
regard  to  the  probable  origin  of  the  great  valley  already  de- 
scribed ;  secondly,  whether  any  estimate  can  be  made  of  the 
length  of  the  period  required  for  the  accumulation  of  the  great 
cone ;  and)  thirdly,  whether  there  are  any  signs  on  the  surface 
of  the  older  parts  of  the  mountain,  of  those  devastating  waves 
which,  according  to  the  theories  of  some  geologists,  have  swept 
again  and  again  over  our  continents. 

Origin  of  the  Vol  del  Bove. — We  explained  our  reasons  in 
the  last  chapter  for  not  assenting  to  the  opinion,  that  the  great 
cavity  on  the  eastern  side  of  Etna  was  the  hollow  of  an  immense 
crater,  from  which  tlic  volcanic  masses  of  the  surrounding  walls 
were  produce<l.  On  the  other  hand,  we  think  it  imj>ossible  to 
ascribe  the  valley  to  the  action  of  running  water  alone  ;  for  if 
it  had  been  excavated  exclusively  by  that  jwwer,  its  depth 
would  Iiave  increased  in  the  descent ;  wliereas.  on  the  contrary, 
the  precipices  are  most  lofty  at  the  upper  extremity,  and  dimi- 
nish gradually  on  approaching  the  lower  region  of  the  volcano. 

The  structure  of  the  surrounding  walls  is  such  as  we  should 
expect  to  see  exhibited  on  any  other  side  of  Etna,  if  a  cavity  of 
equal  depth  shoidd  be  caused,  whether  by  subsidence,  or  by 
the  blowing  up  of  part  of  the  flanks  of  the  volcano,  or  by  either 
of  these  causes  co-operating  with  the  removing  action  of  r 
ning  water. 
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It  18  recorded,  as  we  hare  already  seen  in  our  history  d  ^ 
earthquakes,  that  in  the  year  1772  an  immense  subsidence  took 
place  on  Papandayang,  the  hu-gest  volcano  in  the  island  ot 
Java«  and  that,  during  the  catastrophe,  an  extent  of  ground, 
fifteen  mileM  in  length  and  six  in  breadth,  gave  way,  so  that  no 
less  than  forty  villages  were  engulphed,  and  the  cone  k)5t  no 
less  than  four  thousand  feet  of  its  height  *. 

Now  we  might  imagine  a  similar  event,  or  a  series  of  sub- 
sidences to  have  formerly  occurred  on  the  eastern  side  of  Etna, 
although  such  catastrophes  have  not  been  witnessed  in  modern 
times,  or  only  on  a  very  trifling  scale.  A  narrow  ravine,  about 
a  mile  long,  twenty  feet  wide,  and  from  twenty  to  thirty-six  in 
depth,  has  been  formed^  within  the  historical  era,  on  the  flanks 
of  the  volcano,  near  the  town  of  Mascalucia ;  and  a  small  cir- 
cular tract,  called  the  Cistema,  near  the  summit^  sank  down  in 
the  year  1792,  to  the  depth  of  about  forty  feet,  and  left  on  all 
sides  of  the  chasm  a  vertical  section  of  the  beds,  exactly  resem- 
bling those  which  are  seen  in  the  precipices  of  the  Val  del 
fiovc.  At  some  remote  periods,  therefore,  we  might  suppose 
more  extensive  portions  of  the  mountain  to  have  fallen  in  during 
great  earthquakes. 

But  some  geologists  will,  perhaps,  incline  to  the  opinion, 
that  the  removed  mass  was  blown  up  by  paroxysmal  explo- 
sions^ such  as  that  which,  in  the  year  79,  destroyed  the  ancient 
cone  of  Vesuvius^  and  gave  rise  to  the  escarpment  of  Somma. 
The  Val  del  Bove,.  it  will  be  remembered,  lies  within  the  zone 
of  lateral  eruptions,  so  that  a  repetition  of  volcanic  explosions 
might  have  taken  place,  after  which  the  action  of  running 
water  may  have  contributed  powerfully  to  degrade  the  rocks, 
and  to  transport  the  materials  to  the  sea.  We  have  before 
alluded  to  the  effects  of  a  violent  flood,  which  swept  through 
the  Val  del  Bove  in  the  year  1755,  when  a  fiery  torrent  of  lava 
had  suddenly  overflowed  a  great  depth  of  snow  in  winter  f . 

In  the  present  imperfect  state  of  our  knowledge  of  the  his- 

*  Vol.  i.  chap.  XXV. 
t  See  vol.  i.  chap.  xxi. 
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ity  of  vokanos,  we  have  some  difficulty  in  deciding  on  the 
[Relative  probability  of  these  hypotheses  ;  but  if  we  embrace  the 
theory  of  explosions  from  lieiow^,  the  cavity  would  not  con- 
stitute a  rriUer  in  the  ordinary  acceptation  of  that  term,  still 
less  would  it  accord  with  the  notion  of  the  so-called  '  elevation 
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Wc  have  slated  in  a  former  voluipe,  that  confined  notions 
in  regard  to  the  quantity  of  past  time,  have  tended,  more 
ihan  any  other  prepossessions,  to  retard  the  progress  of 
sound  theoretical  views  in  Geology ;  the  inadequacy  of  out 
conceptions  of  the  earths  antiquity  having  cramped  the  free- 
dom of  our  speculations  in  this  soicnce,  very  much  in  the  same 
way  as  a  belief  in  the  existence  of  a  vaulted  firmament  once 
retarded  the  progress  of  astronomy.  It  was  not  until  Dcscnrtes 
assumed  the  indefinite  extent  of  the  celestial  spaces,  and  re- 
moved the  supposed  boundaries  of  the  universe,  that  just 
opinions  began  to  be  entertained  of  the  relative  distances  of 
the  heavenly  bodies ;  and  until  wc  habituate  ourselves  to  con- 
template the  possibility  of  an  indefinite  lapse  of  ages  having 
been  comprised  within  each  of  the  more  modern  periods  of  the 
parlh's  history,  we  shall  be  in  tJanger  of  forming  most  erro- 
neous and  partial  views  in  Geology. 

Mode  of  compufinij  the  aije  of  volcanos. — If  history  had  be- 
queathed to  us  a  faithful  record  of  the  eruptions  of  Etna,  and 
a  hundred  other  of  the  principal  active  volcanos  of  the  globe, 
tluring  the  last  three  thousand  years, — if  we  had  an  exact 
account  of  the  volume  of  lava  and  matter  ejected  during  that 
period,  and  the  times  of  their  production, — we  might,  perhaps, 
be  able  to  form  a  correct  estimate  of  the  average  rale  of  the 
growth  of  a  volcanic  cone.  For  we  might  obtain  a  mean  result 
from  the  comparison  of  the  eruptions  of  so  great  a  number  of 
vents,  however  irregular  might  be  the  development  of  the 
igneous  action  in  any  one  of  ihem,  if  contemplated  singly 
during  a  brief  period. 
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It  would  be  necessary  to  balance  protracted  periods  of  k- 
action  against  the  occasional  outburst  of  paroxysmal  ezpkm. 
Sometimes  we  should  have  evidence  of  a  repose  of  scventws 
centuries,  like  that  which  was  interposed  in  lachia,  between  the 
end  of  the  fourth  century,  a.  c,  and  the  beginning  of  the  fav- 
teenth  century  of  our  era  *•  Occasionally  a  tremendous  eni|h 
tion,  like  that  of  Jorullo,  would  be  recorded,  giving  rise,  it 
once,  to  a  considerable  mountain. 

If  we  desire  to  approximate  to  the  age  of  a  cone  sudi  as 
Etna,  we  ought  first  to  obtain  some  data  in  regard  to  the 
thickness  of  matter  whicli  has  been  added  during  the  his- 
torical era,  and  then  endeavour  to  estimate  the  time  required 
for  the  accumulation  of  such  alternating  lavas  and  beds  of 
Band  and  scoria;  as  are  superimposed  upon  each  other  in  the 
Yal  del  Bove ;  afterwards  we  should  try  to  deduce,  from  ob- 
servations on  other  volcanos,  the  more  or  less  rapid  increase  of 
burning  mountains  in  all  the  different  stages  of  their  growth. 

Mode  of  increase  of  volcanas  analogmiM  io  that  <jf  exogemmi 
trees, — There  is  a  considerable  analogy  between  the  mode  of 
increase  of  a  volcanic  cone  and  that  of  trees  of  exogewmi  growdi. 
These  trees  augment,  both  in  height  and  diameter,  by  the  suc- 
cessive application  externally  of  cone  upon  cone  of  new  ligneous 
matter,  so  that  if  wc  make  a  transverse  section  near  the  base  of 
the  trunk,  wc  intersect  a  much  greater  number  of  lajrers  than 
nearer  to  the  summit.  When  branches  occasionally  shoot  out 
from  the  trunk  they  first  pierce  the  bark,  and  then,  afker  grow- 
ing to  a  certain  size,  if  they  chance  to  be  broken  off^  they  may 
become  inclosed  in  the  body  of  the  tree,  as  it  augments  in  size, 
forming  knots  in  the  wood,  which  are  themselves  composed  of 
layers  of  ligneous  matter,  cone  within  cone. 

In  like  manner  a  volcanic  mountain,  as  we  have  seen,  con- 
sists of  a  succession  of  conical  masses  enveloping  others,  while 
lateral  cones,  having  a  similar  internal  structure,  often  prefect, 
in  the  first  instance,  like  branches  from  the  surface  of  the  main 
cone,  and  then  becoming  buried  again,  are  hidden  like  the  knots 
of  a  tree, 

*  See  vol  L  chap.  six. 
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We  can  ascertain  the  age  of  an  oak  or  pine,  by  counting 
e  number  of  concentric  rings  of  annual  growlli,  seen  in  a 
tranftversc  section  near  the  base,  so  tliat  we  may  l<now  tlie  date 
ft  which  the  seedling  began  to  vegetate.  The  Baobab-tree  of 
Beiwgal  {Adnnsonia  ditjifatu)  is  supposed  to  exceed  almost 
other  in  longevity ;  Adanson  inferred  tliat  one  which 
he  measured,  and  found  to  be  thirty  feet  in  diameter,  had 
ittsiaed  the  nge  of  5150  years.  Having  made  an  incisioa 
D  a  certain  depth,  he  first  counted  tliree  hundred  rings 
t>{  annual  growth,  and  observed  what  lliickness  the  tree  had 
gained  in  tliat  period.  The  average  rale  of  growtli  of  younger 
trees,  of  the  same  species,  was  then  ascertained,  and  the  calcu- 
Jation,  made  according  to  a  supposed  mean  rate  of  increase. 
l>e  Candolle  considers  it  not  improbable,  that  the  celebrated 
Toxodiimi  of  ChapuUepec,  in  Mexico  (^Cupressus  dlsHcha, 
Linn.),  which  is  one  hundred  and  seventeen  feet  in  circum- 
ference, may  be  still  more  aged*. 

It  is,  however,  impossible,  until  more  data  are  collected 
respecting  the  average  intensity  of  the  volcanic  action,  to  make 
anything  like  an  approximation  to  the  age  of  a  cone  like  Etna, 
because,  in  this  case,  the  successive  envelopes  of  lava  and  scoriie 
are  not  continuous,  tike  the  layers  of  wood  in  a  tree,  and  aflbrd 
us  no  definite  measure  of  time.  £ach  conical  envelope  is  made 
up  of  a  great  number  of  distinct  lava-currents  and  showers  of 
sand  and  scoriae,  differing  in  quantity,  and  which  may  have 
be«n  accumulated  in  unequal  periods  of  time.  Yet  we  cannot 
fail  to  foi'm  the  most  exalted  conception  of  the  antiquity  of  this 
mountain,  when  we  consider  that  its  base  is  about  ninety  miles 
in  circumference;  so  that  it  would  require  ninety  flows  of  lava* 
each  a  mile  in  breadth  at  their  termination,  to  raise  the  present 
foot  of  llie  volcano  as  much  as  the  average  height  of  one  lava* 
current. 

There  are  no  records  within  the  historical  era  which  lead 
to  the  opinion,  that  the  altitude  of  Etna  has  materially  varied 

*  Oa  the  LoogsTlty  of  Tises,  BIbliot.  Univ.,  Maf,  1B31. 
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within  the  last  two  thousand  years.     Of  the  eighty  most  cod- 
spicuous  minor  cones  which  adorn  its  flanks,  only  one  ci  the 
largest,  Monti  Rossi,  has  been  produced  within  the  times  of 
authentic  history.      Even  this  hill>  thrown   up  in  the  jeir 
1669>  although  450  feet  in  height,  only  ranks  as  a  cone  of 
second  magnitude.     Monte  Minardo,  near  Bronte,  rises,  erea 
now,  to  the  height  of  750  feet,  although  its  base  has  bea 
elevated  by  more  modern  lavas  and  ejections.     The  dimen- 
sions of  these  larger  cones  appear  to  bear  testimony  to  pa- 
Toxysrm  of  volcanic  activity,  after  which  we  may  conclude, 
from  analogy,  that  the  fires  of  Etna  remained  dormant  for  many 
years — since  nearly  a  century  of  rest  has  sometimes  followed  t 
violent  eruption  in  the  historical  era.     It  must  also  be  remem- 
bered, that  of  the  small  number  of  eruptions  which  occur  in 
a  century,  one  only  is  estimated  to  issue  from  the  summit  of 
Etna  for  every  two  that  proceed  frpm  the  sides.     Nor  do  all 
the   lateral  eruptions   give  rise  to  such  cones  as  would  be 
enumerated  amongst  the  smallest  of  the  eighty  hills  above 
enumerated ;    some  produce  merely  insignificant  monticules, 
soon  destined  to  be  buried,  as  we  before  explained. 

How  many  years  then  must  we  not  suppose  to  have  been 
expended  in  the  formation  of  the  eighty  cones?  It  is  difficult 
to  imagine  that  a  fourth  part  of  them  have  originated  during 
the  last  thirty  centuries.  But  if  we  conjecture  the  whole  of 
them  to  have  been  formed  in  twelve  thousand  years,  how  in- 
considerable an  era  would  this  portion  of  time  constitute  in 
the  history  of  the  volcano  !  If  we  could  strip  off  from  Etna 
all  the  lateral  monticules  now  visible,  together  with  the  lavas 
and  scorice  that  have  been  poured  out  from  them,  and  from 
the  highest  crater,  during  the  period  of  their  growth,  the  dimi- 
nution of  the  entire  mass  would  be  extremely  slight !  Etna 
might  lose,  perhaps,  several  miles  in  diameter  at  its  base,  and 
some  hundreds  of  feet  in  elevation,  but  it  would  still  be  the 
loftiest  of  Sicilian  mountains,  studded  with  other  cones,  which 
would  be  recalled,  as  it  were,  into  existence  by  the  removal  of 
the  rocks  under  which  they  are  now  buried. 
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There  seems  nothing  in  the  deep  sections  of  the  Val  del 

love,  to  indicate  that  the   lava  currents  of  remote  periods 

*i-en?  greater   in    voUime    tlian   those  of   modern    times;    and 

Ltbt<re  are  abundant   proofs  that    the  countless  beds  of  soHd 

:k  and   scoria;  were  accumulated,  as   now,  in   succession. 

tn  the  grounds,  therefore,  already  explained,  we  must  infer 

lat  A  mass,  eight  thousand  or  nine  thousand  feet  in  tliick-  ' 

Bess,  must  have  required  an  immense  scries  of  ages  anterior 

to  our  historical  perio<is,  for  its  growth  ;  yet  the  whole  must 

be  regarded  as  the  product  of  a  modern  portion  of  the  newer 

Tliocene  epoch.       Such,  at   least,  is  the  conclusion   that  we 

draw  from  the  geological  data  already  detailed,  which  show 

that  the  oldest  parts  of  the  mountain,  if  not  of  posterior  date 

lo  the  marine  strata  which  are  visible  around  its  base,  were  at 

least  of  coeval  origin. 

tP'hrlher  signs  nf  Diluvial  JVanes  are  observable  on  Etna, — 
Some  geologists  contend,  that  the  sudden  elevation  of  large 
coDtinenls  from  beneath  the  waters  of  the  sea,  have  again  and 
again  produced  waves  which  have  swept  over  vast  regions  of 
the  earth,  and  left  enormous  rolled  blocks  strewed  over  the 
eurface*.  That  there  are  signs  of  local  floods  of  extreme 
violence,  on  various  parts  of  the  surface  of  the  dry  land,  is 
incontrovertible,  and  in  the  former  volumes  we  have  pointed  out 
causes  which  must  for  ever  continue  to  give  rise  to  such  phe- 
nomena; but  for  the  proofs  of  these  general  cataclysms  we 
have  searched  in  vain.  It  is  clcftr  that  no  devastating  wave 
has  passL'd  over  the  forest  zone  of  Etna,  since  any  of  the  lateral 
cones  before  mentioned  were  thrown  up;  for  none  of  these 
heaps  of  loose  sand  and  scoriie  could  have  resisted  for  a  moment 
the  denuding  action  of  a  violent  Hood. 

To  some,  perhaps,  it  may  appear  that  hills  of  such  incoherent 
materials  cannot  be  of  immense  antiquity,  because  the  mere 
action  of  the  atmosphere  must,  in  the  course  of  several  thou- 
sand years,  have  obliterated  their  original  forms.  But  there  is 
no  weight  in  this  objection,  for  the  older  hills  are  covered  with 
•  SedgnUk,  Anmv.AddTOMtotheGeul.  Sue.,  p,35.    Fab-IMJ. 
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trees  and  herbage,  which  protect  them  from  waste ;  and  in 
rq;ard  to  the  newer  ones,  such  is  the  porosity  of  thdur  compo- 
nent materials,  that  the  rain  which  falls  upon  them  is  instant]; 
absorbed,  and,  for  the  same  reason  that  the  rivers  on  Etna  hare 
a  subterranean  course,  there  are  none  desoending  the  sides  of 
the  minor  cones. 

No  sensible  alteration  has  been  observed  in  the  form  of 
these  cones  since  the  earliest  periods  of  which  there  are  memo- 
rials ;  and  we  see  no  reason  for  anticipating,  that  in  the  cotuse 
of  the  next  ten  thousand  or  twenty  thousand  years  they  wili 
undergo  any  great  alteration  in  their  appearance,  miless  thej 
should  be  shattered  by  earthquakes,  or  covered  by  volcanic 
ejections. 

We  shall  afterwards  point  out,  that«  in  other  parts  of  Eun^ 
similar  loose  cones  of  scoriae,  which  we  believe  to  be  of  higher 
antiquity  than  the  whole  mass  of  Etna,  stand  uninjured  at 
inferior  elevations  above  the  level  of  tlie  sea. 


CBAFTEa  IX. 


inofttieneirer  Pliocene  itrata  of  Sicily- — Growth  of  lubmaiiae  farmatloal 
gradual — Riie  of  the  name  at>ovc  the  k'vcl  of  the  sea  probably  caused  by  sub- 
letraneaD  lava — IgneouB  neirGT  Pliocene  rocks,  fanned  at  great  depths,  eiiceed 
le  the  lavu  of  Etna — Probable  Btnicture  of  these  recent  auhtenaneaii 
M  which  thnj  may  have  supeiinduced  upon  strata  in  contact — 
Alleraliuui  of  the  lutface  during  aod  since  the  emergence  of  Ihu  newer  Pliocene 
liiila — Fnnni  of  Ihc  Sicilian  vnllej* — Sea  cliffs — Proofs  of  auceeasive  clcva. 
lion — Why  the  valley*  in  the  newer  Pliocene  ilislticis  correspond  iu  form  to 
thine  in  regione  of  higher  antiquity — Migrationa  of  uiimaU  and  plants  sines 
Ihs  cmetgeuM  of  the  newer  Pligceno  strata — Some  tpfcici  newer  thau  tho 
atatiaBi  th«y  iababit — Recapilulutiou. 


OaiGIN  OF  THE  NEWER  PLIOCENE  STRATA  OF  SICILY. 


HiTtNo  in  the  last  two  chapters  described  tlie  tertiary  forma- 
tions of  the  Vat  (li  Noto  and  Valdemone,  both  igneous  and 
aqueous,  we  shall  now  proceed  more  fully  to  consider  their 
origin,  and  tlie  manner  in  which  they  may  be  supposed  to  have 
assumed  their  present  position.  The  consideratioQ  of  this 
subject  may  be  naturally  dividetl  inlo  three  parts:  first,  wc 
shall  inquire  in  what  manner  the  submarine  formations  were 
accumulated  beneath  the  waters ;  secondly,  whether  they 
emerged  slowly  or  suddenly,  and  what  modificaliDns  in  the 
earth's  crust,  at  considerable  depllis  below  the  surface,  may  be 
indicated  by  their  rise;  thirdly,  the  mutations  which  the  sur- 
face and  its  inhabitants  have  undergone  during  and  since  the 
period  of  emergence. 

Qrowth  of  Submarine  formations. — First,  then,  we  are  to 
inquire  in  what  manner  tlie  subaqueous  masses,  whether  vol- 
canic or  sedimentary,  may  have  been  formed.  On  this  subject 
we  have  but  few  observations  to  make,  for  by  reference  to  our 
former  volumes,  the  reader  will  learn  how  a  single  stratum, 
whether  of  sand,  clay,  or  limestone,  may  be  thrown  down  at  ihe 
bottom  of  the  sea,  and  how  shells  and  other  organic  remain* 
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may  become  imbedded  therein.  He  will  ako  undo'standhot 
one  sheet  of  lava«  or  bed  of  scori®  and  volcanic  sand,  maybe 
spread  out  over  a  wide  area,  and  how,  at  a  subsequent  period, 
a  second  bed  of  sand,  day,  or  limestone,  or  a  second  lavi- 
stream  may  be  superimposed,  so  that  in  the  lapse  of  ages  t 
mountain  mass  may  be  produced. 

It  is  enough  that  wc  should  behold  a  single  course  of  biids 
or  stones  laid  by  the  mason  upon  another,  in  order  to  compre- 
hend how  a  massive  edifice,  such  as  the  Colosseum  at  Rome, 
was  erected ;  and  we  can  have  no  diificulty  in  conceiving  that 
a  sea,  three  hundred  or  four  hundred  fathoms  deep,  might  be 
filled  up  by  sediment  and  lava,  provided  we  admit  an  indefinite 
lapse  of  ages  for  the  accumulation  of  the  materials. 

The  sedimentary  and  volcanic  masses  of  the  newer  Pliocene 
era,  which,  in  the  Val  di  Noto,  attain  the  thickness  of  two  thou- 
sand feet,  are  subdivided  into  a  vast  number  of  strata  and  lava- 
streams,  each  of  which  were  originally  formed  on  the  sub« 
aqueous  surface,  just  as  the  tuffs  and  lavas  whereof  sections 
are  laid  open  in  the  Val  del  Bove,  were  each  in  their  turn  ex- 
ternal additions  to  the  Etnean  cone. 

It  is  also  clear,  that  before  any  part  of  the  mass  of  submarine 
origin  began  to  rise  above  the  waters,  the  uppermost  stratum 
of  the  whole  must  have  been  deposited ;  so  that  if  the  date  of 
the  origin  of  these  masses  be  comparatively  recent,  still  more  so 
is  the  period  of  their  rise  above  the  level  of  the  sea. 

Subaqueous  formations  how  raised, — In  what  manner,  then, 
and  by  what  agency,  did  this  rise  of  the  subaqueous  forma- 
tions take  place  ?  We  have  seen  that  since  the  commencement 
of  the  present  century,  an  immense  tract  of  country  in  Cutch, 
more  than  fifty  miles  long  and  sixteen  broad,  was  permanently 
upraised  to  the  height  of  ten  feet  above  its  former  position, 
and  the  earthquake  which  accompanied  this  wonderful  varia- 
tion of  level,  is  reported  to  have  terminated  by  a  volcanic 
eruption  at  Bhooi.  We  have  also  seen*,  that  when  the  Monte 
Nuovo  was  thrown  up,  in  the  year  1538,  a  large  Qssure  an* 

*  Vol.  t.  chap,  xu^ 
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itched  the  small  town  of  Tripergola,  emitting  a  vivid  light, 
f  and  throwing  out  ignited  sand  and  scoriie.  At  length  this 
I  opeDing  reached  a  shallow  part  of  the  sea  close  to  the  shore, 
and  then  widened  into  a  large  chasm,  out  of  which  were  dis- 
charged blocks  of  lava,  pumice,  and  ashes.  But  no  current 
■of  melted  matter  flowed  from  the  orifice,  although  it  is  perfectly 
evident  that  lava  existed  below  in  a  fluid  state,  since  so  many 
portions  of  it  were  cast  up  in  the  form  of  scoriiE  into  the  air. 
We  have  shown  that  the  coast  near  Puzzuoli  rose,  at  that  time, 
to  the  height  of  more  than  twenty  feet  above  its  former  level, 
and  that  it  has  remained  permanently  upheaved  to  this  day  *. 

On  a  review  of  the  whole  phenomena,  it  appears  most  pro- 
bable that  the  elevated  country  was  forced  upwards  by  lava 
which  did  not  escape,  but  which,  after  causing  violent  earth- 
quakes, during  several  preceding  months,  produced  at  length 
a  Assure  from  whence  it  discharged  gaseous  fluids,  together 
with  sand  and  scoriw.  The  intruded  mass  then  cooled  down 
at  a  certain  distance  below  the  uplifted  surface,  and  consti- 
tuted a  solid  and  permanent  foundation. 

If  an  habitual  vent  had  previously  existed  near  Puzzuoli, 
such  as  we  may  suppose  to  remain  always  open  in  the  principal 
ducts  of  Vesuvius  or  Etna,  the  lava  might,  perhaps,  have 
flowed  over  upon  the  surface,  instead  of  heaving  upwards  ilie 
GupcrGcial  strata.  In  that  case,  there  might  have  been  the 
same  conversion  of  sea  into  land,  the  only  difference  being,  that 
the  lava  would  have  been  uppermost,  instead  of  the  tufaceous 
strata  containing  shells,  noiv  seen  in  the  plain  of  La  Starza,  and 
on  the  site  of  the  Temple  of  Serapis, 

Subterranean  lava  the  iiplwaving  cause. — The  only  feasible 
theory,  indeed,  that  has  yet  been  projMsed,  respecting  the 
causes  of  the  permanent  rise  of  the  bed  of  the  sea,  is  that 
which  refers  the  phenomenon  to  the  generation  of  subterranean 
lava.  VVc  have  stated,  in  the  first  volume,  that  the  regions 
now  habitually  convulsed  by  earthquakes,  include  within  them 
the  aitg  of  all  the  active  volcanos.  We  know  that  the  expj 
•  Vol,  i.  chap.  uv. 
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fiive  force  of  volcanic  heat  ia  sufBcienlly  great  to  orercome  the 
resistance  of  columns  of  lava,  several  miles  or  leagues  in  height, 
forcing  them  up  from  great  depths,  and  causing  the  fluid 
matter  to  flow  out  upon  the  surface.  To  imagine,  therefore, 
that  this  same  power,  which  is  so  frequently  exerted  in  dif- 
ferent parts  of  the  globe,  sliouUl  occasionally  propel  &  column 
of  lava  to  a  considerable  height,  yet  be  unable  to  force  it 
through  the  superincumbent  rocks,  is  quite  uaiural. 

Whenever  the  superimposed  masses  liappen  to  be  of  a  yield- 
ing and  elastic  nature,  they  will  bend,  and  instead  of  break- 
ing, so  as  to  afford  an  escape  to  the  melted  matter  through  a 
fissure,  ihcy  will  allow  it  to  accumulate  in  large  quautities 
beneath  the  surface,  sometimes  in  amorphous  masses,  and 
sometimes  in  horiaontal  shecla.  So  long  as  such  sheets  of 
matter  retain  their  fluidity,  and  communicate  with  the  column 
of  lava  which  is  stilt  urged  upwards,  they  must  exert  on 
enormous  hydrostatic  pressure  on  tlie  overlying  moss,  tend- 
ing to  elevate  it,  and  an  equal  force  on  the  subjacent  beds 
picssing  them  down,  and  probably  rendering  them  more  com- 
pact. If  we  consider  how  great  is  the  volume  of  lava  that 
sometimes  flows  out  on  the  surface  from  volcanic  vents,  we 
must  expect  that  it  will  produce  great  charges  of  level  so  often 
as  its  escape  is  impeded. 

Let  us  only  reflect  on  the  magnitude  of  Iceland,  an  island 
two  hundreil  and  sixty  miles  long  by  two  hundred  in  breadth, 
and  which  rises,  at  some  points,  to  the  height  of  six  thousand 
feet  above  the  level  of  the  sea.  Nearly  the  entire  mass  is  repre- 
sented to  be  of  volcanic  origin  ;  but  even  if  we  suppose  some 
parts  to  consist  of  aqueous  deposits,  still  that  portion  may  be 
mure  than  compensated  by  the  great  volume  of  lava  which 
must  have  been  poured  out  upon  the  bottom  of  the  surround- 
ing sea  during  the  growth  of  the  entire  island  ;  for  we  know 
tirat  submarine  eruptions  have  been  considerable  near  the  coast 
ig  the  IiistoHcal  era.  Now  if  the  whole  of  this  lava  had 
been  prevented  from  reaching  the  surface,  by  the  weight  a 
tenacity  of  certain  overlying  rocks,  it  might  have  given  rise  to 
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gradual  elevation  of  a  tract  of  land  nearly  as  large  as 
We  say  nearly,  because  the  lava  which  couled  tiown 
ith  ihc  surface,  and  under  considerable  pressure,  would 
more  compact  than  the  same  when  poured  out  in  the  open 
lir,  or  in  a  sea  of  moderate  depth,  or  shot  up  into  the  atmo- 
iphere  by  the  explosive  force  of  clastic  vaponrs,  and  thus  con- 
verted into  sand  and  scoriie. 

According  to  this  theory,  we  must  suppose  the  action  of  the 
Vplieaving  power  to  be  intermittent,  and,  like  ordinary  volcanic 
•ruplions,  to  be  reiterated  again  and  again  in  the  same  region, 
at  unequal  intervals  of  time  and  with  uneqnal  degrees  of  force. 
If  we  follow  this  train  of  induction,  which  apftears  so  easy 
and  natural,  to  what  important  conclusions  are  we  led !  The 
reader  will  bear  in  mind  that  the  tertiary  strata  have  attained 
in  the  central  parts  of  Sicily,  as  at  Castrogiovanui,  for  example, 
an  elevation  of  about  tlirce  thousand  feet  above  the  level 
of  the  sea,  and  a  height  of  from  fifty  to  two  thousand  feet  in 
different  parts  of  the  Val  di  Nolo.  In  this  country,  therefore, 
we  must  suppose  a  solid  support  of  igneous  roc:k  to  have  been 
fcuccessivcly  introduced  into  part  of  the  earth's  crust  immedi- 
ately subjacent,  equal  in  volume  to  the  upraised  tract,  and  this 
generation  of  subterranean  rock  must  have  taken  place  during 
the  latter  part  of  the  newer  Pliocene  period.  The  dimensions 
of  the  Etnean  cone  shrink  into  insignificance,  in  comparison  to 
the  volume  of  this  subterranean  lava;  and,  however  stagger- 
ing the  inference  might  at  first  appear,  that  the  oldest  founda- 
tions of  Etna  were  laid  subsequently  to  the  period  when  the 
Mediterranean  became  inhabited  by  the  living  species  of  testacea 
and  zoophytes,  yet  we  may  be  reconciled  lo  such  conclusions, 
■when  we  find  incontestable  proofs  of  siill  greater  revolutions 
licneath  the  surface  within  the  same  modem  period. 

Probable  itructurp  of  the  Teceiil  subterranerin  rockn  nf  fusion. 
— IjCt  us  now  inquire  what  form  these  unerupled  newer  Plio- 
cene lavas  of  Sicily  have  assumed  P  For  reasons  already  ex- 
plained, we  may  infer  that  they  cannot  have  been  converted 
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into  tuflTs  and  peperinos,  nor  can  we  imagine  that,  uods 
enormous  pressure,  they  could  have  become  porous,  sinoe  m 
observe,  that  the  lava  which  ha^  cooled  down  under  a  modente 
degree  of  pressure^  in  the  dikes  of  Etna  and  Vesuvius,  has  t 
compact  and  porphyritic  texture,  and  is  very  rarely  parous  oi 
cellular.  No  sigtis  of  volcanic  sand,  scoriae,  breccia,  or  ooog^ 
mcrate  are  to  be  looked  for,  nor  any  of  stratification,  for  di 
these  imply  formation  in  the  atmosphere,  or  by  the  agency  of 
water.  The  only  proofs  that  we  can  expect  to  find  of  the 
stu:cc8itiv€  origin  of  different  parts  of  the  fused  mass,  will  be 
confined  to  the  occasional  passage  of  veins  through  portions 
previously  consolidated.  This  consolidation  would  take  place 
with  extreme  slowness,  when  nearer  the  source  of  volcanic  heat 
and  under  enormous  pressure,  so  that  we  must  anticipate  a 
perfectly  crystalline  and  compact  texture  in  all  these  subter- 
ranean products. 

Now  geologists  have  discovered,  as  we  before  stated,  great 
abundance  of  crystalline  and  unstratified  rocks  in  various  parts 
of  the  globe,  and  these  masses  are  particularly  laid  open  to  our 
view  in  those  mountainous  districts  where  the  crust  of  the  earth 
has  undergone  the  greatest  derangement.  These  rocks  vary 
considerably  in  composition,  and  have  received  many  names, 
such  as  granite,  syenite,  porphyry,  and  others.  That  they 
must  have  been  formed  by  igneous  fusion,  and  at  many  distinct 
eras,  is  now  admitted ;  and  their  highly  crystalline  texture  is 
such  as  might  result  from  cooling  down  slowly  from  an  intensely- 
heated  state.  They  answer,  therefore,  admirably  to  the  condi- 
tions required  by  the  above  hypothesis,  and  we  therefore  deem 
it  probable  that  similar  rocks  have  originated  in  the  nether 
regions  below  the  island  of  Sicily,  and  have  attained  a  thickness 
of  from  one  thousand  to  three  thousand  feet,  since  the  newer 
Pliocene  strata  were  deposited. 

It  is,  moreover,  very  probable,  that  these  fused  masses  have 
come  into  contact  with  subaqueous  deposits  far  below  the  sur- 
face, in  which  case  they  may,  in  the  course  of  ages,  have  greatly 
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allcr^l  iheir  stnicUirc,  just  as  dikes  of  lava  render  more  crys- 
talline Uie  stratified  masses  whicli  they  traverse,  and  obltierale 
alt  traces  of  tlieir  organic  remains. 

Suppose  some  of  these  changes  to  liave  been  superinduced 
upon  subaqueous  deposits  imderlying  the  tertiary  formations  of 
Sicily,  ii  is  important  to  reflect  that  in  lliat  case  no  geolof^ical 
proofs  would  remain  of  tlie  era  when  tlie  alterations  had  taken 
place ;  and  if,  at  some  future  period,  the  whole  island  should  be 
uplifted,  and  these  rocks  of  fusion,  together  with  the  altered 
etrata,  should  be  brought  up  to  tlie  surface,  it  would  not  be 
apparent  that  tliey  had  assumed  tlieir  crystalline  texture  in  the 
newer  Pliocene  period.  For  might  that  would  then  appear, 
they  might  have  acquired  their  peculiar  mineral  texture  at 
epochs  long  anterior,  and  might  be  supposed  to  have  been 
formed  before  the  planet  was  inhabited  by  living  beings;  in- 
stead of  having  originated  at  an  era  long  subsequent  to  the 
iotroiluction  of  the  p-cintimj  species. 


Valieya. — Geologists  who  are  accustomed  to  attribute  a  great 
portion  of  the  inequalities  of  the  earth's  surface  to  the  excava- 
ting power  of  running  water  during  a  long  series  of  ages,  will 
probably  look  for  the  signs  of  remarkable  freshness  in  tlie 
aspect  of  counti'ies  so  recently  elevated  as  the  parts  of  Sicily 
already  described.  There  is,  however,  nothing  in  the  external 
configuration  of  that  country  which  would  strike  the  eye  of  the 
most  practised  observer,  as  peculiar  and  distinct  in  character 
from  many  other  districts  in  Europe  which  are  of  much  higher 
Rntiqnily.  The  general  outline  of  the  hills  and  valleys  would 
accord  prfeclly  well  with  what  may  often  be  observed  in  re- 
gard to  oiher  regious  of  equal  altitudu  nb<jvc  the  ievtl  of  the 
sea. 

It  is  true  that,  towards  ihe  central  p.irts  of  the  istanil  where 
the  argillaceous  deposits  are  of  great  thickness,  as  around  Cas- 
trogiovaiini,  Callanisetta,  and  I'iazza,  the  tori'ents  are  observed 
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annually  to  tlccpcn  the  ravines  in  which  ibcy  6ow,  widtUliv  V 
vcllcr  occasionally  Gmis  (lint  the  narrow  mule-path,  imii^rf  ■,# 
winiling  ruiind  the  head  of  a  ravine,  terminates  abrupiljint 
deep  trench  which  has  been  Iiollowct!  out.  during  the  pnxei^g 
winier,  through  soft  clny.  But  throughout  a  great  put  at 
Iialy,  where  the  marli  and  sands  of  the  Subapenninc  hiilsn 
elevated  lo  considerable  heights,  the  same  rapid  degradatiaaii 
often  [icrceived. 

In  tlie  Hmestonc  dtatrietsof -the  Val  (li  Nolo,  thestraum 
fur  t lie  most  part  nearly  horizontal,  and  oo  cacli  side  of  tin 
vnlley  form  a  succession  of  ledges  or  small  terraces,  instead  (J 
descending  in  a  gra<lual  slope  towarib  the  river-plaia  in  ihi 
manner  of  the  argillaceous  formations.  When  there  is  a  bend 
in  the  valley,  the  exact  appearance  of  an  amphitheatre  widi 
range  of  marble  scats  is  produced.  A  gomt  example  vS  thii 
configuration  occurs  near  the  town  of  Melilli,  in  the  VtBA 
Nolo,  as  seen  in  the  annexed  view  (No.  22),     In  ibe  south  «f 
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the  island,  as  near  Spaccafuriio,  Scicti  and  Modic 
rocks  of  while  limestone,  ascending  to  the  height  of  five  hun- 
dred feet,  have  been  carved  out  into  the  same  form. 

A  careful  exaniinalion  of  the  mode  of  decomposition  of  ihc 
rock  would  be  requisite,  in  order  fully  to  explain  this  pheno- 
menon.   There  is  probably  a  tendency  to  a  vertical  ftacttneia  , 
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IS  in  many  other  limcstoneg,  which,  when  exposed  to  the 

)  of  frost,  scale  off  in  small  fragments  at  right  angles 

b  tbe  plane  of  strati  IS  cat  ion.     It  might  have  been  expected 

■t,  in  tilts  case,  a  talus  composted  of  tt  breccia  of  the  linic- 

Mie  would  be  found  on  each  ledge,  so  that  the  slope  would 

come  gradual,  but  perhaps  the  fragments  instead  of  accumu- 

ling  may  decompose  and  be  waslied  away  by  the  heavy  rains. 

The  line  of  some  of  the  valleys  near  Lentini  has  evidently 

«n  determined  mainly  by  the  direction  of  the  cievatury  fortze, 

th«rc  is  an  anticlinal  dip  in  the  strata  on  either  side  of  the 

'alley.     Tile  same  is,  pmbably,  the  case  in  regard  to  the  great 

valley  of  the  Anapo,  which  terminates  at  Syracuse, 

Sea-cliffk — proof s  of  successive  elevation. — No  decisive  evi- 
dence could  be  looked  for  in  the  form  of  the  valleys  to  deter- 
the  question,  whether  the  subterranean  movements  which 
i^ieaved  the  newer  Pliocene  strata  in  Sicily  were  very  numer- 
ous or  few  in  number.  But  we  find  the  signs  of  two  periods 
of  elevation  in  a  long  range  of  inland  cliif  on  the  east  side  of  the 
V«l  di  Nolo,  l>olh  to  the  north  of  Syracuse,  beyond  Melilli,  and 
to  die  south  beyond  the  town  of  Noto.  The  great  limestone 
formation  before  mentioned,  terminates  suddenly  towards  the 
I  a  iofty  precipice,  a,  b,  wliich  varies  in  height  from  five 
Na.23, 


hundred  to  seven  hundred  feet,  and  may  remind  the  English 
geologist  of  some  of  the  most  perpendicular  escarpnienia 
of  our  chalk  and  oolite.  Between  the  base  of  the  precipice 
c,  b,  and  the  sea,  is  au  inferior  platform,  i;  b,  consisting  of 
nmiiar  white  limestone.    All  the  strata  dip  towards  tiie  sea. 
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but  are  usually  inclined  at  a  very  slight  angle;  they  areKa 
to  extend  uninterruptedly  from  the  base  of  the  escarpment  into 
the  platform  9  showing  distinctly  that  the  lofty  diff  was  not 
produced  by  a  fault  or  vertical  shift  of  the  beds,  but  by  the 
removal  of  a  considerable  mass  of  rock.  Hence  we  must  con- 
clude that  the  sea,  which  is  now  undermining  the  cliffs  of  the 
Sicilian  coast,  reached  at  some  former  period  the  base  (^  the 
precipice  a,  6,  at  which  time  the  surface  of  the  terrace  c,  b,  most 
have  constituted  the  bottom  of  the  Mediterranean.  Here,  then, 
we  have  proofs  of  at  least  two  elevatbns^  but  there  may  han 
been  fifty  others,  for  the  encroachment  of  the  sea  tends  to  ob- 
literate all  signs  of  a  succession  of  cliffs. 

Suppose,  for  example^  that  a  series  of  escarpments,  e,  /,  g,  A, 
once  existed,  and  that  during  a  long  interval,  free  from  subter- 
ranean movements,  the  sea  had  time  to  advance  along  the  line 
c,  b,  all  those  ancient  cliffs  must  then  have  been  swept  away  one 
after  the  other,  and  reduced  to  the  single  precipice  a,  b.  There 
may  have  been  an  antecedent  period  when  the  sea  advanced 
along  the  line  h,  2,  substituting  the  single  cliff  e,  I,  for  the  series 

We  may  also  imagine  that  the  present  cliffs  may  be  the 
result  of  tile  union  of  several  lines  of  smaller  cliffs  and  terraces, 
which  may  once  have  been  produced  by  a  succession  of  eleva- 
tory  movements.  For  example,  the  waves  may  have  carried 
away  the  cliffs  k,  t,  in  advancing  to  c^  d.  In  the  same  manner 
they  may  ultimately  remove  the  mass  c,  6,  m,  d,  and  then  the 
platform  c,  6,  will  disappear,  and  the  precipice  a,  m,  will  be 
substituted  for  a,  b. 

We  have  stated,  in  the  first  volume,  that  the  waves  washed 
the  base  of  the  inland  cliff  near  Puzzuoli,  in  the  Bay  of  Baiie, 
within  the  historical  era,  and  that  the  retiring  of  the  sea  was 
caused,  in  the  sixteenth  century,  by  an  upheaving  of  the  land 
to  an  elevation  of  twenty  feet  above  its  original  level.  At  that 
period,  a  terrace  twenty  feet  high  in  some  parts,  was  laid  dry 
between  the  sea  and  the  cliff,  but  the  Mediterranean  is  hasten- 
ing to  resume  its  former  position^  when  the  terrace  will  be 
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destroyed,  and  every  trace  of  ihe  succeaaive  riae  of  llie  land  will 
be  obliterated. 

We  Iiave  been  led  into  these  observations,  in  order  lo  show 
lat  llie  principal  features  in  the  physical  gmgrapliy  of  Sicily 
"are  by  no  means  inconsistent  with  the  hypothesis  of  the  succes- 
tave  elevation  of  the  cotuitry  Uy  the  intermittent  action  of 
ordinary  earthquakes*.  On  t!ie  oilier  hand,  we  considt-r  the 
magnitude  of  the  valleys,  and  thetr  correspondence  in  I'orni  with 
tliose  of  other  jiarts  of  the  globe,  to  lend  countenance  to  the 
theory  of  the  slow  and  gradual  rise  of  subaqueous  strata. 

We  have  remarked  in  the  first  volume  -f,  that  the  excavation 
of  valleys  must  always  proceed  with  the  greatest  rapidity  when 
Ihe  levels  of  a  country  are  undergoing  nlterallon  from  time  to 
time  by  earthquakes,  and  that  it  is  principally  when  a  country 
is  rising  or  sinking  by  successive  movements,  that  the  jMwer  of 
Aqueous  causes,  such  as  tides,  currents,  rivers,  and  land-floods, 
is  exerted  with  the  fullest  energy. 

In  order  to  explain  the  present  appearance  of  the  surface, 
we  must  first  go  back  to  the  time  when  the  Sicilian  forma- 
tions were  mere  shoals  at  the  bottom  of  the  sea.  in  which  the 
currents  may  have  scooped  out  channels  here  and  there.  We 
must  next  suppose  these  shoals  to  have  become  small  islands  of 
which  the  cliff's  were  thrown  down  from  time  to  liine,  as  were 
those  of  Gian  Greco,  in  Calabria,  during  the  earthquake  of 
17H3.  The  waves  and  currents  would  then  continue  their 
flcnuding  action  during  the  emergence  of  these  islands,  until 
at  length,  when  the  intervening  channels  were  laid  dry,  and 
rivers  b^n   to  flow,  the  deepening  and  widening  of  the  val- 

"  Since  writing  Iha  aboyc  [  h«ve  read  Ihu  excelk-nt  memoir  of  M.  Boliloyr,  on 
ihe  aliemliom  produceJ  by  llie  «;»  on  oIcmhiui  rueki  on  the  elmics  "f  Gmtt. 
Uy  rxsmiiiiag  the  line  of  littoral  cB»»nu  woixi  liy  llie  waves  in  cliff.  cumi-oKil  uf 
tlw  harder  liinerioiiei,togvthL't  with  llie  mudeaiitdMoniponlion  orthB  nick,  ucled 
upon  by  the  ipray  tad  im  air,  a*  well  lu  lithodomum  iwrforulioiu.  ■"■!  other 
mnikingi,  he  has  proved  that  there  are  four  or  file  djitinrt  miiges  uf  aucient  K> 
dia>,  one  above  Ihe  other,  at  rnriuiiB  elcratiuni  in  ibu  Muruii,  winch  attvit  u 
many  rHCMHiic  elcvationii  ut  Ihi!  cuuulry.  Juunml  du  GcuH'U'j  No.  10,  Fib, 
1S3I. 

♦  Cliap.ixiv. 


114  NBWBft  PUOCBNB  PBBIOD. 

leys  by  rivers  and  land-flcxids  would  proceed  in  the  same  wut 
ner  as  in  modern  times  in  Calabria,  acoording  to  our  Uxmt 
description  *. 

Before  a  tract  could  be  upraised  to  the  height  of  ie?cnl 
thousand  feet  above  the  level  of  the  sea,  the  joint  operatiaii  d 
running  water  and  subterranean  movements  must  gready  mo- 
dify the  physical  geography  (  but  when  the  action  of  the  fol- 
canic  forces  has  been  suspended,  when  a  period  of  tranquiKtj 
succeeds,  and  the  levels  of  the  land  remain  fixed  and  stadonarf, 
the  erosive  power  of  water  must  socm  be  reduced  to  a  state  of 
comparative  equilibrium.  For  this  reason,  a  country  that  has 
been  raised  at  a  very  remote  period  to  a  conaderable  height 
above  the  level  of  the  sea,  may  present  nearly  the  sanoe  external 
configuration  as  one  that  has  been  more  recently  uplifted  to 
the  same  height. 

In  other  words,  the  time  required  for  the  roiung  of  a  mass 
of  land  to  the  height  of  several  hundred  yards  must  usually  be 
so  enormous  (assuming  as  we  do  that  the  operation  is  effected  by 
ordinary  volcanic  forces),  that  the  aqueous  and  igneous  agents 
will  have  time  before  the  elevatiofi  is  completed  to  modify  the 
surface,  and  imprint  thereon  the  ordinary  forms  of  hill  and 
valley,  by  which  our  continents  are  diversified.  But  after  the 
cessation  of  earthquakes  these  causes  of  change  will  remain 
dormant,  or  nearly  so.  The  greater  part,  therefore,  of  the 
earth*s  surface  will  at  each  period  be  at  resti  simply  retaining 
the  features  already  imparted  to  it,  while  smaller  tracts  will 
assume,  as  they  rise  successively  from  the  de^p»  a  configuration 
perfectly  analogous  to  that  by  which  the  more  ancient  lands 
were  previously  distinguished. 

Migration  of  animals  and  plants. — The  changes  which, 
according  to  the  views  already  explained,  have  been  brought 
alx)ut  in  the  earth's  crust  by  the  agency  of  volcanic  heat,  can- 
not fail  to  strike  the  imagination,  when  we  consider  how  recent 
in  the  calendar  of  nature  is  the  epoch  to  which  we  refer  them. 
But  if  we  turn  our  thoughts  to  the  organic  worlds  we  shidl  feeli 

*  Chop.  uiv. 
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irhaps,  no  less  surjiriae  a(  tlie  meat  vicissilude  which  it  has 
ne  (luring  the  same  period. 

We  have  seen  that  a  large  portion  of  Sicily  has  bcfin  con- 

'led  from  eca  to  land  since  the  Mediterranean  viaa  peopled 
tlie  hving  species  of  leslacea  and  suopliylec     The  newly 

lerged  surface,  theruftire,  must,  dining  tliis  modern  zoological 
Vpoch,  have  been  iuhabiled  for  the  tirst  time  with  the  terrestrial 
iplonls  antl  animals  which  now  abound  in  Sielly.  It  is  fair  to 
infer,  that  the  existing  terrestrial  species  are,  for  the  most  part, 
of  as  high  antiquity  as  tlie  marine,  and  if  this  be  the  case,  a 
large  proportion  of  the  plants  and  animals,  now  found  in  the 
tertiary  districts  in  Sicily,  must  have  inhabited  the  earth  before 
the  newer  Pliocene  strata  were  raised  above  the  waters.  The 
plants  of  the  Flora  of  Sicily  are  common,  almost  without  ex- 
ception, to  Italy  or  Africa,  or  some  of  iho  countries  surrounding 
the  Mediterranean  *,  so  that  we  n:iBy  suppose  the  greater  part 
of  them  to  have  migrated  from  jire-existing  lands,  just  as  the 
plants  and  animals  of  the  PhlegrKan  fields  have  colonized 
JUunle  Nuovo,  since  that  mountain  was  thrown  up  in  the  six- 
teenth century, 

We  are  brought,  therefore,  to  admit  the  curious  result,  that 
the  flora  and  fauna  of  the  Val  di  Koto,  and  some  other  moun- 
tainous regions  of  Sicily,  are  of  higher  antiquity  than  the  coun- 
try itself,  having  not  only  flourished  before  the  lands  were 
raised  from  the  deep,  but  even  before  they  were  deposited  be- 
neath the  waters.  Such  coiiclufiions  throw  a  new  light  on  the 
whiptalion  of  the  attributes  and  migratory  habits  of  animals  and 
plants,  to  the  changes  which  are  unceasingly  in  progress  in  the 
inanimate  world.  Il  is  clear  that  the  duration  of  species  is  so 
groat,  that  ihey  are  desiined  to  onthve  many  important  revolu- 
tions in  the  physical  geography  of  the  earth,  and  hence  those 
iDRumerabte  contrivances  for  enabling  the  subjects  of  the  ani- 
mal and  vegetable  creation  to  extend  their  range,  the  inhabitants 

*  PturvHDi  Vivliiii  urO«iinn  liifaimcti  me,  tbul,  coiisideting  Ihc  great  titcnt  of 
SUUy,  it  «■*  mniilialilu  that  ili  Bun  |iri>iliJ«e<I  Kami;  kn; ,  i/shjf  ptrmliur  indf- 
■paciei,  whurto)  Iheie  ire  8i;veitil  in  Coisica,  luil  swnm  other  MiHlilenuMjoa 
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of  the  land  being  often  carric^  across  the  ocean,  and  the  aqoifie 
tribes  over  great  continental  spaces^.  It  is  obviously  expefint 
that  the  terrestrial  and  fluviatile  species  should  not  only  be  fitted 
for  the  rivers^  valleys,  pliuns,  and  mountains  which  exist  at  tk 
era  of  their  creation,  but  for  others  that  are  destined  to  be  fonned 
before  the  species  shall  become  extinct;  and,  in  like  manner, die 
marine  species  are  not  only  made  for  the  deep  or  shaDot 
regions  of  the  ocean  at  the  time  when  they  are  called  intobein^ 
but  for  tracts  that  may  be  submerged  or  variously  altered  ii 
depth  during  the  time  that  is  allotted  for  their  continuance  on 
the  globe. 

KecapitulaHon. — We  may  now  briefly  recapitulate  some  of 
the  most  striking  results  which  we  have  deduced  from  our  in- 
vestigation of  a  single  district  where  the  newer  Pliocene  strata 
are  largely  developed. 

In  the  first  place,  we  have  seen  that  a  stratified  mass  of  solid 
limestone^  attaining  sometimes  a  thickness  of  eight  hundred  feet 
and  upwards,  has  been  gradually  deposited  at  the  bottom  of  the 
sea,  the  imbedded  fossil  shells  and  corallines  being  almost  all  of 
recent  species.  Yet  these  fossils  arc  frequently  in  the  state  of 
mere  casts,  so  that  in  appearance  they  correspond  very  closely 
to  organic  remains  found  in  limestones  of  very  ancient  date. 

2dly.  In  some  localities  the  limestone  above-mentioned 
alternates  with  volcanic  rocks  such  as  have  been  formed  by 
submarine  eruptions,  recurring  again  and  again  at  distant  inter- 
vals of  time. 

3dly.  Argillaceous  and  sandy  deposits  have  also  been  pro- 
duced during  the  same  period,  and  their  accumulation  has  also 
been  accompanied  by  submarine  eruptions.  Masses  of  mixed 
sedimentary  and  igneous  origin,  at  least  two  thousand  feet  in 
thickness,  can  thus  be  shown  to  have  accumulated  since  the 
sea  was  peopled  with  the  greater  number  of  the  aquatic  species 
now  living. 

4thly.  These  masses  of  submarine  origin  have,  since  their 
formation,  been  raised  to  the  height  of  two  thousand  or  three 

"*  See  Tol.  ii.|  chapten  v.,  vi.,  and  vii. 
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Downd  feet  above  the  level  of  the  sea,  and  this  eleration  im- 
ics  an  extraordinary  modification  in  tite  state  of  the  earth's 
ust  at  some  unknown  depth  beneath  the  tract  so  upheaved. 
5thly.  The  most  probable  hypothesis  in  regard  to  the  nature 
this  change,  is  the  successive  generation  and  forcible  intru- 
m  into  the  inferior  parts  of  the  earth's  crust  of  lava  which, 
ter  coohng  down,  may  have  assumed  the  form  of  crystalline 
istratiHed  rock,  such  as  is  frequently  exhibited  in  those 
ountainous  parts  of  the  globe  where  the  greatest  alterations 
level  have  taken  place. 
6thly.    Great  inequalities  must   have  been  caused  on  the 

nrface  of  the  new-raised  lands  during  the  emergence  of  the 
iwer  Pliocene  strata,  by  the  action  of  tides,  currents,  and 

ivers,  combined  with  the  disturbing  and  dislocating  force  of 

he  elevalory  movements. 

,    Tthly.  There  are  no  features  in  the  forms  of  the  valleys  and 
elifis  thus  recently  produced,  which  indicate  the  suddea 

iise  uf  the  strata  to  the  whole  or  the  greater  part  of  their  pre- 

ent  altitude,  while  there  are  some  proofs  of  distinct  elevations  J 

it  successive  periods, 
8ihly.  We  may  infer  that  the   species  of  terrestrial  aiKf'l 

luviatilc  animals   and   plants   which  now   inhabit   extensivsiV 

iistricts,  formed  during  tlie  newer  Pliocene  era,  were  in  exisl^l 
not  only  before  the  new  strata  were  raised,  but  befoi^B 
i^r  materials  were  brought  together  at  the  bottom  of  the  sea,  C 
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upon  with  tboM  commenontod  by  geological  monitme&to— Difftacncci  mil 
compotitioii  of  Somma  and  Vetuviua — Dikes  of  Somina,  their  origiB— Can 
of  the  paralWlitm  of  their  oppoute  aidei— Why  coancr  grained  in  the  — ^ 
Wmi  tMtoi  9t  Hm  Phlegrsan  Ffeldi— Age  o#  tlrt  t^alenaie  aal  m 
todu  of  Campania — Organic  remains — External  cimfiguittliMi  if  tin 
how  produced — ^No  signs  of  diluvial  waves — Marine  N«w«r  Flioesaa  lUk 
vbible  only  in  countries  of  earthquakes^Illustrations  from   Chili— Pn- 
Parallel  loadi  of  CoquimbO — West-Indian  arehipdago — Hooduns— M 
tndinn  aichipelagOi^fted  Amu 

TERTIARY  FORMATIONS  OF  CAMPANIA* 

Vofnparison  of  recorded  changes  with  those  commemoraJUd 
fty  geological  monumenU. — In  the  first  volume  we  traced  the 
various  changes  which  the  volcanic  region  of  Naples  is  known 
to  have  undergone  during  the  last  2000  years,  and,  imperfect 
as  are  our  historical  records,  the  aggregate  effect  of  igneous 
and  aqueous  agency,  during  that  period,  was  ^own  to  be  far 
from  insignificant.     The  rise  of  the  modern  cone  of  Vesuvius, 
since  the  year  79,  was  the  most  memorable  event  during  those 
twenty  centuries ;  but  in  addition  to  this  remarkable  pheno- 
menon. We  enumerated  the  production  of  several  new  minor 
cones  in  Ischia,  and  of  the  Monte  Nuovo,  in  the  year  153S. 
We  described  the  flowing  of  lava-currents  upon  the  land  and 
along  the  bottom  of  the  sea,   the  showering  down  of  volcanic 
sand,  pumice,  and  scoriss,  in  such  abundance  that  whole  cities 
were  buried, — the  filling  up  or  shoaling  of  certain  tracts  of  the 
sea,  and  the  transportation  of  tufaceous  sediment  by  rivers  and 
land-floods.     We  also  explained  the  evidence  in  proof  of  a 
permanent  alteration  of  the  relative  levels  of  the  land  and  sea 
in  several  localities,  and  of  the  same  tract  having,  near  Puz- 
zuoli,  been  alternately  upheaved,  and  depressed,  to  the  amount 
of  more  than  20  feet.     In  connexion  with  these  convulsions. 
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»*  pointed  out  tliat,  on  the  shores  of  the  Bay  of  Baia,  there 
Xre  recent  lufaceous  strata  filled  with  fabricated  articles,  mhi- 
gted  with  marine  Ghells,  It  was  also  shown  that  the  sea  has 
been  making  gradual  advances  upon  the  coast,  not  only  sweep- 
ing away  the  soft  tuffs  of  the  Bay  of  Baia;,  but  excavating 
|irccipilous  cliffs,  where  the  hard  Ischian  and  Vesuvian  lavas 
have  flowed  down  into  the  deep. 

These  events,  we  shall  be  told,  although  interesting,  are  the 
results  of  operations  on  a  very  inferior  scale  to  those  indicated 
by  geological  monuments.  When  we  examine  this  same  re- 
gion, it  will  be  said,  we  find  that  the  ancient  cone  of  Vesuvius, 
called  Somma,  is  larger  than  the  modern  cone,  and  is  inter- 
sected by  fL  greater  number  of  dikes, — the  hills  of  unknown 
antiquity,  such  as  Aatroni,  the  Solfatara,  and  Monie  Barbaro, 
formed  by  separate  eruptions,  in  different  parts  of  the  Phlc- 
grsean  fields,  far  outnumber  those  of  similar  origin,  which  are 
recorded  to  have  been  thrown  up  within  the  historical  era. 
In  place  of  modern  tuffs  of  slight  thickness,  and  single  flows 
of  lava,  we  find,  amongst  the  older  formations,  hills  from  500 
to  more  than  2000  feet  in  height,  composed  of  an  immense 
series  of  tufaceous  strata,  alternating  with  distinct  lava-cur- 
rents. We  have  evidence  that  in  the  lapse  of  past  ages, 
districts,  not  merely  a  few  miles  square,  were  upraised  to  the 
height  of  20  or  30  feet  alwve  their  former  level,  but  extensive 
and  mountainous  countries  were  uplifted  to  an  elevation  of  more 
than  1000  feet,  and  at  some  points  more  than  2U00  feet  above 
the  level  of  the  sea. 

These  and  similar  objections  are  made  by  those  who  com- 
pare the  modern  effects  of  igneous  and  aqueous  causes,  not  with 
a  part  but  with  the  whole  results  of  the  same  agency  in  ante- 
cedent ages.  Thus  viewed  in  the  aggregate,  the  leading 
geological  features  of  each  district  must  always  appear  to  be 
on  a  colossal  scale,  just  as  a  large  edifice  of  striking  architec- 
tural beauty  seems  an  effort  of  supeHiuman  power,  until  we 
reflect  on  the  innumerable  minute  parts  of  which  it  is  com- 
posed.    A  mountain  mass,  so  long  as  the  imagination  is  occu* 
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pied  in  coDtempIadDg  the  gigantic  whole,  must  cpporAe 
work  of  extraordinary  causes,  but  when  the  separate  poitMi 
of  which  it  is  made  up  are  carefully  studied,  they  are  seen  Id 
have  been  formed  successively,  and  the  dimensions  of  ead&  pvti 
considered  singly,  are  soon  recognized  to  be  comparaUvdy  is- 
significant,  and  it  appears  no  longer  extravagant  to  hken  dm 
to  the  recorded  effects  of  ordinary  causes. 

Difference  in  the  compotiiion  ofSomma  and  VeMuvinu. 

As  no  traditional  accounts  have  been  handed  down  to  uial 
the  eruptions  of  the  ancient  Vesuvius,  from  the  times  of  die 
earliest  Greek  colonists,  the  volcano  must  liave  been  dorauot 
for  many  centuries,  perhaps  for  thousands  of  years,  previous  to 
the  great  eruption  in  the  reign  of  Titus.  But  we  shall  after- 
wards show  that  there  are  sufficient  grounds  for  presuming  this 
mountain,  and  the  other  igneous  products  of  Campania,  to  have 
been  produced  during  the  Newer  Pliocene  period. 

We  stated  in  the  first  volume  "',  that  the  ancient  and  modem 
cones  of  Vesuvius  were  each  a  counterpart  of  the  other  in 
structure ;  we  may  now  remark  that  the  principal  point  of 
difleroiK'c  consists  in  the  greater  abundance  in  the  older  cone 
of  fragments  of  stratified  rocks  ejected  during  eruptions.  We 
may  easily  conceive  that  the  first  explosions  would  act  with  the 
greatest  violence,  rending  and  shattering  whatever  solid  masses 
obstructed  the  escape  of  lava  and  the  accompanying  gases,  so 
that  great  heaps  of  ejected  pieces  of  sedimentary  rock  would 
naturally  occur  in  the  tufaceous  breccias  formed  by  the  earliest 
eruptions.  But  when  a  passage  had  once  been  opened  and  an 
habitual  vent  established,  the  materials  thrown  out  would  con- 
sist of  liquid  lava,  which  would  take  the  form  of  sand  and 
scorias,  or  of  angular  fragments  of  such  solid  lavas  as  may  have 
choked  up  the  vent. 

Among  the  angular  fragments  of  solid  rock  which  abound 
m  the  tufaceous  breccias  of  Somma,  none  arc  more  common 
than  a  saccharoid  dolomite,  supposed  to  have  been  derived 

*  Chap.  IX. 
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an  ordinary  limestone  altered  liy  licat  and  volcanic  va- 
pours. 
Carbonate  of  lime  enlera  into  tlie  composition  of  so  many  of 
e  simple  minerals  found  in   Sorama,  that  M.  Mltsclierlich, 
lb  much  probability,  ascribes  their  great  variety  to  the  action 
the  volcanic  heat  on  subjacent  masses  of  limestone. 
Dikno/Somma — The  dikes  seen   in  the  great  escarpment 
rhich  Somma  presents  towards  the  modern  cone  of  Vesuvius 
f  very  numerous.     They  are  for  the  moat  {lart  vertical,  and 
iversc   at    right   angles  the  beds  of  lava,    scorite,    volcanic 
breccia,  and  sand,  of  which  the  ancient  cone  is  comj>osed.  They 
prcgect  in  relief  several  inches,  or  sometimes  feet,  from  the  face 
ihe  cliff,  like  the  dikes  of  Etna  already  described  (see  wootl- 

Icut  Nil.  19),  being,  like  them,  extremely  compact,  and  less 
destructible  than  the  intersected  tuffs  and  porous  lavas.  In 
\  height  tliey  vary  from  a  few  yards  to  500  feet,  and  in  breadth 
irom  one  to  twelve  feet.  Many  of  them  cut  all  the  inclined  beds 
in  the  escarpment  of  Siimnia  from  top  lo  bottom,  others  stop 
short  before  they  ascend  above  half  way,  and  a  few  terminate 
at  both  ends,  either  in  a  point  or  abruptly.  In  mineral  com- 
po^tion  they  scarcely  differ  from  the  lavas  of  Somma,  the  rock 
consisting  of  a  base  of  leiicitc  and  augite,  through  which  large 
crystals  of  augite  and  some  of  leucite  are  scattered  *.  Exam- 
ples arc  not  rare  of  one  dike  cutting  through  another,  and  in 
one  instance  a  shift  or  fault  is  seen  at  the  point  of  intersection. 
We  observed  before  |,  when  speaking  of  the  dikes  of  the 
modern  cone  of  Vesuvius,  that  they  must  have  been  produced 
by  the  filling  up  of  open  (issures  by  liquid  lava.  In  some  ex- 
amples, liowcvcr,  the  rents  seem  Lo  have  been  filled  laterally. 

*  CoDluU  the  valuDlle  mcmalr  of  H.  L,  A.  NeckiT,  Kiat.  dc  la  Soc.  ilc  Pliyi. 
«t  d'llitt.  Nat.  do  GCiiAvb,  tome  il  pail  i.,  Kov,  ISH. 
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The  reader  will  remember  our  description  of  the  manner  in 
which  the  plain  of  Jerocame,  in  Calabria,  was  fissured  by  Ae 
earthquake  of  1763  *,  so  that  the  Academicians  compared  it  to 
the  cracks  in  a  broken  pane  of  glass.  If  we  suppose  the  side 
walls  of  the  ancient  crater  of  Vesuvius  to  have  been  cracked  in 
like  manner^  and  the  lava  to  have  entered  the  rents  and  become 
consolidated »  we  can  explain  the  singular  form  of  the  veins 
figured  in  the  accompanying  wood-cut  -f*. 

Pamllelism  of  (heir  opposite  sides, — Nothing  Is  more  re- 
markable than  the  parallelism  of  the  opposite  sides  of  the  dikes, 
which  usually  correspond  with  as  much  regularity  as  the  two 
opposite  faces  of  a  wall  of  masonry.  This  character  appears  at 
first  the  more  inexplicable,  when  we  consider  how  jagged  and 
uneven  arc  the  rents  caused  by  earthquakes  in  masses  of  hete- 
rogeneous composition  like  those  composing  the  cone  of 
Somma ;  but  M.  Necker  has  offered  an  ingenious  and,  we 
think,  satisfactory  explanation  of  the  phenomenon.  He  refers 
us  to  Sir  W.  Hamilton's  account  of  an  eruption  of  Vesuvius  in 
the  year  1779,  who  records  the  following  facts.  '  The  lavas» 
when  they  either  boiled  over  the  crater,  or  broke  out  from  the 
conical  parts  of  the  volcano,  constantly  formed  channels  as 
regular  as  if  they  had  been  cut  by  art,  down  the  steep  part  of 

*  See  vol.  i.  chap,  xxiy.,  wood-cut  No.  22. 
f  From  a  drawiug  of  M.  Necker,  ibid. 


VL  K)  PARAbEBl  ilDBB  ev  DlKBflt  139 

the  mountain,  and,  whilst  in  a  state  of  perfect  fusion,  continued 
ibetr  course  in  those  channels,  which  were  sometimes  full  to 
the  briiti,  and  nt  ot}ier  times  more  or  less  so  according  to  the 
quantity  of  matter  in  motion. 

*  These  channels,  upon  examination  after  an  eruption,  I 
ItaTC  found  to  be  in  general  from  two  to  five  or  six  feet  wide, 
■ud  seven  or  eight  feet  deep.  They  were  often  hid  from  the 
A^ht  by  a  quantity  of  scoHes  that  had  formed  a  crust  over 
tbetn,  and  the  lava,  having  been  conveyed  in  n  covered  way  for 
•ome  yards,  came  out  fresh  again  into  an  open  channel.  After 
an  eruption  I  have  walked  in  some  of  those  subterraneous  or 
coTered  galleries,  which  were  exceedingly  curious,  the  sides, 
top,  and  bottom,  being  worn  perfectly  smooth  and  even  in  most 
parts,  by  the  violence  of  the  currents  of  the  red-hot  lavas, 
which  ihey  had  conveyed  for  many  weeks  successively.' 

In  another  place,  in  the  same  memoir,  he  describes  the  liquid 
and  red-hot  matter  as  being  received  '  into  a  regular  channel, 
raised  upon  a  sort  of  wall  of  scoriee  and  cinders,  almost  perpen- 
Hiculoriy,  of  about  the  height  of  eight  or  ten  feet,  resembling 
much  an  ancient  aqueduct  *.' 

Now,  if  the  lava  in  these  instances  had  not  run  out  from  the 
covered  channel,  in  consequence  of  liio  declivity  whereon  it  was 
placed — if,  instead  of  tlie  space  Iicing  left  empty,  the  lava  had 
been  retained  within  until  it  cooletl  and  consolidated,  it  would 
then  have  constiluted  a  small  dike  with  parallel  sides.  But  the 
walls  of  a  vertical  fissure  through  whicli  lava  has  ascended  in 
Its  way  to  a  Volcanic  vent,  must  have  been  exposed  to  the  same 
erosion  as  the  four  sides  of  the  channels  before  adverted  to. 
'I'he  prolonged  and  unifonn  friction  of  the  heavy  lUiid  as  it  flows 
upwanis  cannot  fail  to  wear  and  smooth  down  tho  surfaces  on 
which  it  rubs,  and  the  intense  heat  must  melt  alt  such  masses 
•■  project  ami  obstruct  the  passage  of  the  incandescent  fluid. 

We  do  not  mean  to  assert  that  tlie  sides  of  fissures  caused 
by  earthquakes  are  never   smooth  and  parallel,  but  they 
usually  uneven,  and  arc  often  seen  to  have  been  so  where  vol 
•  PhiUTraaa.,voLlxx.  1780. 
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or  trap  dikes  are  as  regular  in  shape  as  those  of  Somnuu  Tk 
solution,  therefore,  of  this  problem,  in  reference  to  the  moden 
dikes^  is  most  interesting,  as  being  of  very  general  appUcatios 
in  geology. 

Varieties  in  their  texture. — Having  explained  the  origin  of 
the  parallelism  of  the  sides  of  a  dike,  we  have  next  to  oonader 
the  difference  of  its  texture  at  the  edges  and  in  the  middle. 
Towards  the  centre,  observes  M.  Necker,  the  rock  is  ooaner 
grained,  the  component  elements  being  in  a  far  more  cryetal- 
line  state,  while  at  the  edge  the  lava  is  sometimes  vitreous  and 
always  finer  grained.  A  thin  parting  band,  approaching  in  its 
character  to  pitchstone,  occasionally  intervenes  on  the  contact 
of  the  vertical  dike  and  intersected  beds.  M.  Necker  mentioos 
one  of  these  at  the  place  called  Primo  Monte,  in  the  Atrio  del 
Cavallo ;  I  saw  three  or  four  others  in  different  parts  of  the 
grent  escarpment.  These  phenomena  are  in  perfect  harmony 
with  the  results  of  the  experiments  of  Sir  James  Hall  and 
Mr.  Gregory  Watt,  which  have  shown  that  a  glassy  texture  is 
the  effect  of  sudden  cooling,  and  that,  on  the  contrary,  a  crys- 
talline grain  is  produced  where  fused  minerals  are  allowed  to 
coiijiolidatc  slowly  and  tranquilly  under  high  pressure. 

It  is  evident  that  the  central  portion  of  the  lava  in  a  fissure 
would^  during  consolidation,  part  with  its  heat  more  slowly 
than  the  sides^  although  the  contrast  of  circumstances  would 
not  be  so  great  as  when  we  compare  the  lava  at  the  bottom  and 
at  the  surface  of  a  current  flowing  in  the  open  air.  In  this 
case  the  uppermost  part,  where  it  has  been  in  contact  with  the 
atmosphere^  and  where  refrigeration  has  been  most  rapid,  is 
always  found  to  consist  of  scoriform^  vitreous,  and  porous  lava^ 
while  at  a  greater  depth  the  mass  assumes  a  more  lithoidal 
structure,  and  then  becomes  more  and  more  stony  as  we  descend, 
until  at  length  we  are  able  to  recognize  with  a  magnifying 
glass  the  simple  minerals  of  which  the  rock  is  composed.  On 
jKinctrating  still  deeper,  we  can  detect  the  constituent  parts  by 
the  naked  eye,  and  in  the  Vesuvian  currents  distinct  crystals  of 
augitc  and  leucitc  become  apparent. 
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The  same  phenomenon,  observes  M.  Nccltcr,  may  readily  be 
exhibited  on  <i  smaller  scale,  if  we  detach  a  piece  of  liquid  lava 
a  moving  current.  The  fragment  cools  insianlly,  and  we 
Knd  the  surface  covered  with  a  vitreous  coat,  while  the  interior, 
ithough  extremely  fine  grained,  has  a  more  stony  appearance. 
It  must,  however,  be  observed,  that  alliiough  the  lateral  por- 
tions of  the  dikes  are  fmer  grained  than  the  central,  yet  the 
'vitreous  parting  layer  before  alluJed  to  is  extremely  rare.  This 
may.  perhaps,  be  accounted  for,  as  the  above-mentioned  author 
suggests,  by  the  great  heat  which  the  walls  of  a  fissure  may 
acquire  before  the  fluid  mass  begins  to  consolidate,  in  which 
the  lava,  even  at  the  sides,  would  cool  very  slowly.  Some 
fissures,  also,  may  be  filled  from  above;  and  in  this  case  the 
refrigeration  at  the  sides  would  be  more  rapid  than  when  the 
melted  matter  flowed  upwards  from  the  volcanic  foci,  in  an 
intensely- heated  slate. 

The  rock  composing  the  dikes  of  Somma  is  far  more  com- 
pact than  that  of  ordinary  lava,  for  the  column  of  melted  matter 
in  a  fissure  greatly  exceeds  an  ordinary  stream  of  lava  in  weight, 
and  the  great  pressure  checks  the  expansion  of  those  gases 
which  give  rise  to  vesicles  in  lava. 

There  is  a  tendency  in  almost  all  the  Vcsuvian  dikes  to 
divide  into  horizontal  prisms,  which  are  at  right  angles  to  the 
cooling  surfaces  *,  a  piienomcnon  in  accordance  with  the  for- 
mation of  vertical  columns  in  horizontal  beds  of  lava. 

Minor  cones  of  the  Pklegrcean  Fields. — In  the  volcanic  dis- 
trict of  Naples  there  arc  a  great  number  of  conical  hills  with 
craters  on  their  summits,  which  have  evidently  been  produced 
by  one  or  more  explosions,  like  that  which  threw  up  the  Monte 
Nuovo  in  lJ3S,  They  are  composed  of  trachy tic  tuff,  which 
is  loose  and  incoherent,  both  in  the  hills  and,  to  a  certain  depth, 
the  plains  around  their  base,  but  which  is  indurated  below. 
It  is  suggested  by  Mr.  Scrope,  that  this  difference  may  be 
owing  to  the  circumstance  of  the  volcanic  vents  having  burst 
out  in  a  shallow  sea,  as  was  the  case  with  Monte  Nuovo,  where 
there  is  a  similar  foundation  of  liai-d  tuff,  under  a  covering  of 
•  Stuwuwl-cut  No.  25. 
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loose  lapilli.  The  nubaqueous  part  may  have  beoame  loUbf 
an  aggregative  procesi  like  tliai  which  takes  place  in  the  Kttng 
of  mortar,  while  the  rest  of  the  eji*ctions,  having  afinimulairi 
on  dry  land  when  the  cone  was  raised  above  the  water,  bhj 
have  rcniaineil  in  a  loose  state  *• 

Aye  of  the  volcanic  and  associated  rocJra  of  Campauk." 
If  we  enquire  into  the  evidence  derivable  from  organic  remain, 
res]KK*ting  the  age  of  the  volcanic  rocks  of  Campania,  we  flsd 
reason  to  conclude  that  such  parts  as  do  not  belong  to  the 
recent,  are  referrible  to  the  newer  Pliocene  period. 

In  the  solid  tuff  quarried  out  of  the  hills  immediately  b^ 
hind  Naples,  are  found  recent  shells  of  the  genera  Oatrea,  Car- 
diuin,  Buccinum,  and  Patella,  all  referrible  to  species  now 
livin<r  in  the  Mediterranean  f .  In  Ischia  I  collected  marine 
slu'lls  in  bods  of  clay  and  tuff,  not  far  from  the  summit  of 
K{X)nico,  or  San  Nichola,  about  2()00  feet  above  the  level  of 
the  sea,  as  also  at  another  locality,  about  100  feet  below,  on  ihc 
soutlicrn  declivity  of  the  mountain,  and  others  not  far  abofc 
the  town  of  Moropano.  At  Casamicciol,  and  several  places 
near  the  sea-shore,  shells  have  long  been  observed  in  stratified 
tiifl*  and  clay.  From  these  various  points  I  obtained^  during  a 
short  excursion  in  Ischia,  28  species  of  shells,  all  of  which, 
with  one  exception,  were  identified  by  M.  Deshayes  with  recent 
spi'cics  J. 

i\s  the  highest  parts  of  Ejiomco  are  composed  of  regularly- 
stratified  greenish  tufT,  and  some  beds  near  the  summit  con- 
tain the  fosihils  above-mentioned,  it  is  clear  that  that  mountain 
was  not  only  raised  to  its  present  height  above  the  level  of  the 
sea,  hut  was  also  formed  since  the  Mediterranean  was  inhabited 
by  the  existing  s()ecies  of  testacea. 

In  the  Ischian  tufTs  we  find  pumice,  lapilli,  angular  fragments 
of  truchvtic  lava,  and  other  products  of  igneous  ejections, 
interstratified  with  some  deposits  of  clay,  free  from  any  inter- 
mixture of  volcanic  matter.      These  clays  might  have  re- 

*  G«ol.  Trans.,  toI.  ii.  part  iii.  p^  351 .    Second  Serivt. 
t  S^rope,  ibid,  |  Sm  the  lift  uf  thtsc  bbelU,  Appendix  11. 
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IpltcU  from  the  cleconiposiiiun  of  felspalhic  lava  which  abounds 
in  lachia,  ihe  materials  having  boon  transported  by  rivers  and 
BWnnc  currents,  and  spread  over  the  bottom  of  the  sea  where 
t«£(acca  were  hving.  Wc  may  observe  generally  of  these  sub- 
Diariiie  tuSs,  lavas,  and  clays,  of  Canipaiiia,  that  they  siriotly 
resemble  those  around  the  base  of  Etna,  and  in  parts  of  the  Val 
d)  Nolo  before  described. 

E.Ttemal  conJiijuTation  of  the  country  how  caused. — When 
once  we  have  satisfied  ourselves  by  inspection  of  tlie  marine 
shells  iml>eddcd  in  luffs  at  high  elevations,  that  a  mass  of  land 
like  the  island  of  Ischia  has  been  raised  from  beneath  the  waters 
i>f  the  sea  to  its  present  height,  we  are  prepared  to  find  signs 
of  the  denuding  action  of  the  waves  impressed  u)>on  the  outward 
fonu  of  the  island,  especially  if  we  conceive  the  upheaving  force 
to  have  acted  by  successive  movements.  Let  ua  suppose  the 
low  contiguous  island  of  Procida  to  be  raised  by  degrees  until 
it  allains  the  height  of  Ischia,  we  should  in  (hat  case  expect 
the  steep  cliffs  which  now  face  Miscnnni  to  be  carried  upwards 
and  to  become  precipices  near  the  summit  of  the  central  moun- 
tain. Such,  perhaps,  may  have  been  the  origin  of  those  pre- 
cipices which  appear  on  the  north  and  south  sides  of  the  ridge 
which  forms  the  summit  of  Eponieo  in  Ischia.  The  northern 
escarpment  is  about  1000  feet  in  height,  rising  from  the  hollow 
called  the  Cavo  dello  Neve  above  the  village  of  Panclla.  The 
abrupt  manner  in  which  the  horizontal  tufis  are  there  cut  ofT, 
in  ihe  face  of  the  cliff,  is  such  aa  the  action  of  the  sea,  working 
on  soft  materials,  might  _casily  have  produced,  underniimng 
and  removing  a  great  portion  of  the  mass.  A  heap  of  sliingle 
which  lies  at  the  base  of  a  steep  declivity  on  the  flanks  of 
Epomeo,  between  the  Cavo  delle  Neve  and  Panclla,  may  once, 
perhaps,  have  been  a  sea-beach,  for  it  ceriainly  could  not  have 
been  brought  to  the  spot  by  any  existing  torrents. 

There  is  no  difficulty  in  conceiving  that  if  a  large  tract  of  the 
bed  of  the  sea  near  Ischia  should  now  be  gradually  upheaved 
during  the  continuance  of  vulcanic  agency,  this  newly-raised  land 
might  present  a  counterpart  to  the  I'ldegrtean  fields  before  de- 
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scribed.     Masses  of  alternating  lava  and  tuff,  the  products  of 
submarine  eruptions,  might  on  their  emergence  become  UIi 
and  islands;  the  level  intervening  plains  nai^ht  afterwards  ip> 
pear>  covered  partly  by  the  ashes  drifted  and  deposited  bj 
waten  and  partly  by  those  which  would  fall  after  the  kyiog 
dry  of  the  tract.     The  last  features  imparted  to  the  physidi 
geography  would  be  derived  from  such  eruptions  in  the  opa 
air  as  those  of  Monte  Nuovo  and  the  minor  cones  of  Ischia. 

No  signs  of  diluvial  waves, — Such  a  conversion  of  a  large 
tract  of  sea  into  land  might  possibly  take  place  while  the  sur- 
face of  the  contiguous  country  underwent  but  sb'gbt  modiBci- 
tion.     No  great  wave  was  caused  by  the  permanent  rise  of  the 
coast  near  Puzzuoli  in  the  year  1538,  because  the  upheaving 
operation  appears  to  have  been  effected  by  a  long  succession  of 
minor  shocks  *.     A  series  of  such  movements,  therefore,  might 
produce  an  island  like  Ischia  without  throwing  a  diluvial  rush 
of  waters  upon  low  parts  of  the  neighbouring  continent.     The 
advocates  of  paroxysmal  elevations  may,  perhaps,  contend  that 
the  rise  of  Ischia  must  have  been  anterior  to  the  birth  of  all 
the  cones  of  loose  scorias  scattered  over  the  Phlegra»an  Fields, 
for,  according  to  them,  the  sudden  rise  of  marine  strata  causes 
inundations   which  devastate  adjoining  continents.     But   the 
absence  of  any  signs  of  such  floods  in  the  volcanic  region  of 
Campania  does  not  appear   to  us  to  warrant  the  conclusion, 
either  that  Ischia  was  raised  previously  to  the  production  of 
the  volcanic  cones,  or  that  it  may  not  have  been  rising  during 
the  whole  period  of  their  formation. 

We  learn  from  the  study  of  the  mutations  now  in  progress, 
that  one  part  of  the  earth's  surface  may,  for  an  indefinite 
period,  be  the  scene  of  continued  change,  while  another,  in  the 
immediate  vicinity,  remains  stationary.  We  need  go  no  far- 
ther than  our  own  country  to  illustrate  this  principle ;  for, 
reasoning  from  what  has  taken  place  in  the  last  ten  centuries, 
we  must  anticipate  that  in  the  course  of  the  next  4000  or  5000 
years,   a  long  strip  of  land,  skirting  the  line  of  our  eastern 

•  See  vol.  i.  p.  457,  first  edition ;  p.  527,  second  edition. 


Ch-X-J  MARINE  NEWER  PLIOCENE  STRATA.  129 

coast,  will  be  devoured  by  the  ocean,  while  part  of  the  interior, 
nnmediately  adjacent,  will  remain  at  rest  and  entirely  undis- 
turbed. The  analogy  holds  true  in  regions  where  tiic  volcanic 
fires  are  at  work,  for  part  of  the  Philosopher's  Tower  on  Etna 
has  stood  for  the  last  2000  years,  at  the  heigiit  of  move  tJian 
9000  feet  above  the  sea,  between  the  foot  of  tlie  highest 
cone  and  the  edge  of  the  precipice  which  overhangs  the  Val  del 
Bove,  whilst  large  tracts  of  the  surrounding  district  have  been 
the  scenes  of  tremendous  convulsions.  The  great  cone  above 
has  more  than  once  been  blown  into  the  air,  and  again  re- 
newed ;  the  earth  has  sunk  down  in  the  neighbouring  Cis- 
terna*  ;  the  cones  of  1811  and  1819  have  started  up,  on  the 
ledge  of  rock  below,  pouring  out  of  their  craters  two  mighty 
streams  of  lava  ;  the  watery  deluge  of  1755  has  rushed  down 
from  the  steep  desert  region,  into  the  Val  del  Bove,  rolling 
along  vast  heaps  of  rocky  fragments  towards  the  sea  ;  fissures, 
Bcveral  miles  in  length,  have  opened  on  the  flanks  of  Etna ; 
cities  and  villages  have  been  shattered  by  partial  earthquakes, 
or  buried  under  lava  and  ashes  ; — yet  the  tower  has  stood  as  if 
placed  on  the  most  perilous  point  in  Europe,  to  commemorate 
the  stability  of  one  part  of  the  earth's  surface,  while  others  in 
immetliate  proximity  have  been  subject  to  most  wonderful  and 
terrific  vicissitudes. 

Marine  Newer  Pliocene  strata  only  visible  in  rounlries  of 
earthquakes. — In  concluding  what  wc  have  to  say  of  the  marine 
and  volcanic  formations  of  the  newer  Pliocene  period,  we  niay 
notice  the  highly  interesting  fact,  that  the  marine  strata  of 
(his  era  have  hitherto  been  found  at  great  elevations  in  those 
countries  only  where  violent  earthquakes  have  occurred  during 
the  historical  ages.  We  do  not  deny  that  some  partial  depo- 
sits containing  recent  marine  shells  have  been  discovered  at  a 
considerable  height  in  several  maritime  countries  in  Europe  and 
elsewhere,  far  from  the  existing  theatres  of  volcanic  action ;  but 
stratified  deposits  of  great  extent  and  thickness,  and  replete  with 
recent  species,  have  only  been  observed  to  enter  largely  into  the 
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structure  of  the  interior^  as  in  Sicily,  Calabria^  and  the  Ibiait 
Ti'here  subterranean  movements  are  now  violent.  On  the  dim 
hand^  it  is  a  still  more  striking  fact,  that  there  is  no  exaiB()i 
of  any  extensive  maritime  district,  now  habitually  agitated hf 
great  earthquakes,  which  has  not,  when  carefully  inveitigrttdi 
yielded  traces  of  marine  strata^  either  of  the  Recent  or  neffv 
Pliocene  eras,  at  considerable  elevations. 

Chili. — Conception  Bay. — In  illustration  of  the  above  if* 
marks  we  may  mention,  that  on  the  western  coast  of  Soutk 
America  marine  deposits  occur,  containing  predsely  the  ime 
shells  as  are  now  living  in  the  Pacific.  In  Chili,  for  example, 
as  we  before  stated  *,  micaceous  sand,  containing  the  fosdl  re* 
mains  of  such  species  as  now  inhabit  the  Bay  of  ConceptioOi 
are  found  at  the  height  of  from  1000  to  1500  feet  above  the 
level  of  the  ocean.  It  is  impossible  to  say  how  much  of  this 
rise  may  have  taken  place  during  the  Recent  period.  We  have 
endeavoured  to  show  that  one  earthquake  raised  this  part  of 
the  Chilian  coast,  in  1750,  to  the  height  of  at  least  25  feet 
above  its  former  level.  If  we  could  suppose  a  continued  series 
of  such  shocks,  one  in  every  century,  only  6000  years  wouU 
be  required  to  uplift  the  coast  1500  feet.  But  we  have  no 
data  for  inferring  that  so  great  a  quantity  of  elevation  has  taken 
place  in  tliat  space  of  time,  and  although  we  cannot  assume  that 
the  micaceous  sand  may  not  belong  to  the  Recent  period,  we 
think  it  more  probable  that  it  was  deposited  during  the  newer 
Pliocene  period. 

Peru, — We  arc  informed  by  Mr.  A.  Cruckshanks,  that  in 
the  valley  of  Lima,  or  Rimao,  where  the  subterranean  move- 
ments  have  been  so  violent  in  recent  times,  there  are  indications 
not  only  of  a  considerable  rise  of  the  land,  but  of  that  rise 
having  resulted  from  successive  movements.  Distinct  lines  of 
ancient  sea-clifFs  have  been  observed  at  various  heights,  at  the 
base  of  which  the  hard  rocks  of  greenstone  are  hollowed  out 
into  precisely  those  forms  which  they  now  assume  between  high 
and  low  water  mark  on  the  shores  of  the  Pacific.  Immediately 
l)clow  these  water-worn  lines  are  ancient  beaches  strewed  witi) 

*  Vol.  i«  chspt  zzr. 
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indcd  blocks.  One  of  these  cliffs  appears  in  llie  hill  behind 
Bauos  dtl  Pojio,  about  700  feet  above  the  level  of  the  sea,  and 
00(1  above  the  contiguous  valley.      Another  occurs  at  Anian- 

cs,  at  the  height  of  perhaps  20(J  feet  above  the  sea,  and  others 

intermediate  elevations. 

Parallit  raadu  of  Coquimba. — We  c^n  hardly  doubt  thai  the 

Lfallel  roads  of  CoquJuibo,  in  Chili,  described  by  Captain 
Hall>owetbeir  origin  to  similar  causes.  Thcscroads,  or  shelves, 
II  a  valley  six  or  seven  miles  wide,  which  descends  from 
the  Andes  to  the  Pacific.  Their  general  width  is  fiom  20  to 
60  yards,  but  they  are,  at  some  places,  half  a  mile  broad. 
Tbey  arc  £0  disposed  as  to  present  exact  counterparts  of  one 
mother,  at  the  same  level,  on  opposite  sides  of  the  valley. 
*Phere  are  three  distinctly  characterized  sets,  and  a  lower  one 
hich  is  indistinct  when  approached,  but  when  viewed  from  a 
istance  is  evidently  of  the  same  character  with  the  others. 
£acb  resembles  a  shingle  beach,  being  formed  entirety  of  loose 
tiialeriala,  principally  water-worn,  rounded  stones,  from  the 
size  of  a  Dut  to  that  of  a  man's  head.  The  atones  arc  pnn- 
cijHilly  granilc  and  gneiss,  with  masses  of  schistus,  whinstonc, 
■nd  quartz  mixed  indiscrimuialel^,  and  all  bearing  marks  of 
having  been  worn  by  attrition  under  water  *. 

The  theory  proposed  by  Captain  Hull  to  explain  these  ap- 
pearances is  the  same  as  that  which  had  been  udopted  to 
account  for  the  analogous  parallel  roads  of  Glen  Roy  in  Scot- 
land f.  The  valley  is  supposed  to  have  been  a  lake,  the  waters 
of  which  stoofi,  originally,  at  the  level  of  the  highest  road,  until 
a  flat  beach  was  produced.  A  )wrtion  of  the  barrier  was  then 
broken  down,  which  allowed  the  lake  to  discharge  part  of  its 
waters  into  the  sea,  and,  consequently,  to  fall  to  the  second 
level ;  and  so  on  succiWvely  till  the  whole  embankment  was 
washed  away,  and  the  valley  left  as  we  now  see  it. 

As  I  did  nut  feci  satisfied  with  this  explanation,  I  applied  la 


'  C*|if  ain  Hull's  Suulh  Amecicii,  vul  ii.  p.  9. 

f  S«  Sir  T.  U,  Laodrr,  Ktl.  Ruy.  Sue.  T^tuis.,  vul.  u.,  and  Dr,  Muceulloch, 
hA.  Trau.,  Ikl  S«ri>i,VDl.  i?.i<.  9U. 
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my  friend  Captain  Hall  for  additional  detttls,  and  lie  kn- 
diately  sent  me  his  original  manuscript  notes,  requesting  me  ti 
make  free  use  of  them.  In  them  I  find  the  following  intereid^; 
passages,  omitted  in  his  printed  account.  '  The  valley  is  ooih 
pletely  open  towards  the  sea;  if  the  roads,  therefore, ire Ae 
beaches  of  an  ancient  lake,  it  is  difficult  to  imagine  a  aHh 
trophe  sufficiently  violent  to  carry  away  the  barrier  itiek 
should  not  at  the  same  time  obliterate  all  traces  of  the  besdio. 
I  find  it  difficult  also  to  account  for  the  water-wora  d»> 
racter  of  all  the  stones,  for  they  have  tbe  appearance  d 
having  travelled  over  a  great  distance,  being  well  rounded  aii 
dressed.  They  are  in  immense  quantity  t<x>,  and  mudi  mie 
than  one  could  expect  to  find  on  the  beach  of  any  lake,  and 
seem  more  properly  to  belong  to  the  ocean,* 

We  entertained  a  strong  suspicion^  before  reading  these 
notes,  that  the  beaches  were  formed  by  the  waves  of  the  Padfic, 
and  not  by  the  waters  of  a  lake ;  in  other  words,  that  thej 
bear  testimony  to  the  successive  rise  of  the  land,  not  to 
the  repeated  fall  of  the  waters  of  a  lake.  We  have  before 
cited  the  proofs  adduced  by  M.  Boblaye,  that  in  the  Mores 
there  are  four  or  five  ranges  of  ancient  sea-cliffs,  one  above  the 
other,  at  various  elevations,  where  limestone  precipices  exhibit 
lithodomous  perforations  and  lines  of  ancient  littoral  caverns  *. 
If  we  discover  lines  of  parallel  upraised  cliffs,  we  ought  to  find 
parallel  lines  of  elevated  beaches  on  those  coasts  where  the  rocks 
are  of  a  nature  to  retain,  for  a  length  of  time,  the  marks  im- 
printed on  their  surface.  We  may  expect  such  indications  to 
be  peculiarly  manifest  in  countries  where  the  subterranean 
force  has  been  in  activity  within  comparatively  modern  times, 
and  it  is  there  that  the  hypothesis  of  paroxysmal  elevations,  and 
the  instantaneous  rise  of  mountain-chains,  should  first  have  been 
put  to  the  test,  before  it  was  hastily  embraced  by  a  certain 
school  of  geologists. 

West  Indian  Archipelago. — According  to  the  sketch  given 
by  Maclure  of  the  geology  of  the  Leeward  Islands  f,  the 
•  See  above,  p.  113.  f  Quart.  Journ.  of  Sd.,  vol.  v.  p.  3  U . 
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rn  range  consists  in  great  part  of  formations  of  the  most 
period.  It  will  be  remembered,  that  many  parts  of 
region  liave  been  subject  to  violent  earthquakes ;  that  in 
Viocenl's  and  Guadaloupe  there  are  active  volcaiios,  and 

some  of  the  other  islands  boihng  springs  and  solfataras.  In 
it.  £ustatia,  there  is  a  marine  deposit,  estimated  at  1500  feet 

thickness,  consisting  of  coral  limestone  alternating  with  beds 

shells,  of  which  the  species  are,  according  to  Maclure,  tbc 
Line  as  those  now  found  in  the  sea.     These  strata  dip  to  the 

ith-west  at  an  angle  of  about  45°,  and  bolb  rest  upon,  and  are 
>vered  by,  cinders,  pumice,  and  volcanic  substances.  Part  of 
I  tbc  madreporic  rock  has  Iwen  converted  into  silex  andcalced- 
ony.  and  is,  in  some  parts,  associated  with  crystalline  gypsum. 
Alternations  of  coralline  formations  with  prismatic  lava  and  dif- 
ferent volcanic  substances  also  occur  in  Dominica  and  St, 
Christopher's,  and  the  American  naturalist  remarks,  that  as 
every  lava-current  which  runs  into  the  sea  in  this  archipelago 
is  liable  to  be  covered  with  corals  and  shells,  and  these  again 
with  lava,  we  may  suppose  an  indctiuitc  rcpctilion  of  such 
alternations  to  constitute  the  foundation  of  each  isle. 

We  do  not  question  the  accuracy  of  the  opinion,  that  the 
fossil  shells  and  corals  of  these  formations  are  of  recent  species, 
for  tlicre  are  specimens  of  limestone  in  the  Museum  of  the 
Jardin  du  Hoi  at  Paris,  from  the  Antilles,  in  which  the  im- 
bedded shells  are  all  or  nearly  all  identical  with  those  now 
living.  Part  of  this  limestone  is  soft,  but  some  of  the 
specimens  arc  very  compact  and  crystalline,  and  contain  only 
the  casts  of  shells.  Of  30  species  examined  by  M.  Dcshayes 
from  this  rock  28  were  decidedly  recent. 

ifoiiduras.— Shells  sent  from  some  of  the  recent  strata  of 
Jamaica,  and  many  from  llie  nearest  adjoining  continent  of 
the  Honduras,  may  be  seen  in  the  British  Museum,  and  are 
jdentilied  with  species  now  living  in  ihe  West  Indian  seas. 

East  Indian  Ari-kipdaijo.—Wc  have  seen  that  the  Indian 
ocean  is  one  of  llie  principal  ibeatrea  of  volcanic  disturbance. 
We  expect,  therefore,  that  future  researches  in  tliis  quarter  of 
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the  globe  will  brihg  to  light  flome  of  the  most  strfldDgento[hi 
of  marine  strata  upraised  to  great  heights  during  oompmMt) 
inodern  periods. 

From  the  observations  of  Dr.  Jack,  it  appears  that  ib  tk 
island  of  Pulo  Nias,  off  the  west  coast  of  Sumiitra,  maiiB  if 
corals  of  recent  species  can  be  traced  from  the  level  of  dien 
far  into  the  interior,  where  they  form  considerable  tnk 
Large  shells  of  the  Chatna  gigas  (TVictarmi,  Lamk.)  are  m^ 
tcred  over  the  face  of  the  country,  just  as  they  occur  oa  tift 
present  reefs.  These  fossils  are  in  such  a  state  of  preserradai 
as  to  l)e  collected  by  the  inhabitants  for  the  purpose  of  briif 
cut  into  rings  for  the  arms  and  wrists  *. 

Madeira, — The  island  of  Madeira  is  placed  between  tbe 
Azores  and  Canaries,  in  both  of  which  groups  there  are  active 
volcanos,  and  Madeira  itself  was  violently  shaken  by  earth- 
quakes during  the  last  century.  It  consists  in  gteat  part  of 
volcnnic  tuffs  and  porous  lava,  intersected  in  some  places,  as 
nt  the  Brazen  Head,  by  vertical  dikes  of  compact  lava-f-.  Some 
of  the  marine  fossil  shells^  procured  by  Mr.  Bowdich  from  this 
island,  are  referrible  to  recent  species. 

These  examples  may  suflfice  for  the  present,  and  lead  us  to 
anticipate  with  confidence,  that  in  almost  all  countries  where 
changes  of  level  have  taken  place  in  our  own  times,  the  geo- 
logist will  find  monuments  of  a  prolonged  series  of  convulsions 
during  the  Recent  and  newer  Pliocene  periods.  Exceptions 
may  no  doubt  occur  where  a  particular  line  of  coast  is  sink- 
ing down,  yet  even  here  we  may  presume,  from  what  we  know 
of  th'e  irregular  action  of  the  subterranean  forces,  that  some  cases 
of  partial  elevation  will  have  been  caused  by  occasional  oscilla- 
tions of  level,  so  that  modern  subaqueous  formations  will,  here 
and  there,  have  l)een  brought  up  to  view. 

We  shall  conclude  by  enumerating  a  few  exceptions  to  the 
rule  above  illustrateil — instances  of  elevation  where  no  great 
earthquakes  have  been  recently  experienced. 

*  Uuul.  Trans.,  Second  Series,  vol.  i.  part  ii.  p.  397. 
t  MS.  of  Captain  B.  Uall. 
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Grota-il,  near  A7w. — At  a  spot  called  Grosceil,  near  Nice, 
afli  of  tlie  Boy  of  Villcfranchej  in  the  peninsula  of  St.  Hospice, 
I  a  remarkable  bed  of  line  sand  occurs  »t  an  elevation  o/  about 
I  80  feet  above  tlic  sea  *.     This  sand  rests  on  inclined  secondary 
I  reeks,  and  ts  filled  with  the  remains  of  marine  species  all  iden- 
tical with  those  now  inhabiting  the  neighbouring  sea.     No 
less  than  200  species  of  shells,  and  several  crustacea  and  echini, 
bave  been  obtained  by  M.  Risso,  in  a  high  slate  of  preserva- 
tion, although  mingled  with  broken  shells.      The  winds  have 
blown  up  large  heaps  of  similar  sand  to  considerable  heights, 
upon  letlges  of  the  steep  coast  farther  westward,  but  the  position 
of  the  dejxisit  at  Grosceil  cannot  be  referred  to  such  agency, 
for  among  the  shells  may  be  seen  the  large  Murex  Triton, 
Linn.,  and  a  species  of  Cassis,  weighing  a  pound  and  a  half. 

Uddevalla. — The  ancient  beaches  of  the  Norwegian  and 
Swedish  coasts,  described  in  the  first  volume  f ,  in  which  the 
Bhdls  are  of  living  species,  present  more  marked  exceptions  as 
being  fnrlher  removed  from  any  line  of  recent  convulsion, 
They  afford  evidence  of  a  rise  of  200  feet  or  more  of  parts 
of  those  coasts  dunng  the  newer  Pliocene,  if  not  the  Recent 
rpodt. 

West  of  England. — The  proofs  lately  brought  to  light  of  ana- 
logous elevations  on  our  western  shores,  in  Caernarvonshire  and 
I-ancasliire,  during  some  modern  tertiary  period,  were  before 
pointed  out  X  \  l^nt  the  dala  are  as  yet  exceedingly  incomplete. 
tVesftm  Borders  of  the  Red  Sea. — Another  exception  may 
be  alluded  to,  for  which  we  are  indebted  to  the  researches  of 
Mr.  James  Burton.  On  the  western  shores  of  the  Arabian 
gulf,  about  half  way  between  Suez  and  Kosire,  in  the  2ytli 
degree  of  North  latitude,  a  formation  of  while  limestone  and 
calcareous  sand  is  seen,  reaching  the  height  of  200  feel  above 
the  sea.  It  is  replete  with  fossil  shells,  all  of  recent  species 
which  are  in  a  beautiful  stale  of  preservation,  many  of  them 
retaining  their  colour.     I  have  been  favoured  with  a  list  of  j 

*  lauuniiiedlhulacalitjr  in  compaiiy  with  Mr.  Munihison  in  1S2S. 
t  Cbsp.  XM.  t  S«e  dCKiiptuQ  of  (its  map,  vol  ii. 
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tbeae  tbdls,  which  wUl  be  found  in  Appendix  II.*  Tbe  iviU 
cano  <^  Gabel  Tor,  situate  at  the  entrance  of  the  AnUbi 
gulf,  is  the  nearest  volcanic  region  known  to  us  at  present 

We  should  guard  the  reader  against  inferring*  firomtbefKti 
above  detailed,  that  marine  strata  of  the  newer  Pliocene  perioi 
have  been  produced  exclusively  in  countries  of  earthquika. 
If  we  have  drawn  our  illustrations  exdustvely  from  modn 
volcanic  regions,  it  is  simply  for  this  reason,  that  these  fon» 
tions  have  been  made  visible  to  us  in  those  districts  only  wbcR 
the  conversion  of  sea  into  land  has  taken  place  in  times  conps- 
ratively  modern.  Other  continents  have,  during  the  newer 
Pliocene  period,  suffered  degradation,  and  rivers  and  carreati 
have  deposited  sediment  in  other  seas,  but  the  new  strata  re- 
main concealed  wherever  no  subsequent  alteraticNis  of  krd 
have  taken  place. 

We  believe,  however,  that  to  a  certain  limited  extent  the 
growth  of  new  subaqueous  deposits  has  been  greatest  where 
igneous  and  aqueous  causes  have  co-operated.  It  is  there,  as 
we  have  explained  in  former  chapters,  that  the  d^radation  of 
land  is  most  rapid,  and  it  is  there  only  that  materials  ejected 
from  below,  by  volcanic  explosions,  are  added  to  the  sediment 
transported  by  running  water  f. 

•  These  fosftils  are  now  in  the  museum  of  Mr.  Greenough,  in  London,  and  du- 
[dicatet,  presented  by  him,  in  the  cabinets  of  the  Geological  Society, 
t  See  vol  i.  chap.  xxiv. ;  and  toI.  ii.  chap,  xvul 
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icsM  fresh-w.iter  r»irTO«tioi«— Valley  of  Ihe  Elia— Ttavcrlin*  of  Borne 
a  bncdu — Sicily — Cbvpi  near  Palemio— Kxlinct  unimalB  in  newer 
w — Fouil  bouei  nf  Mi>mi|nal  animaU  in  Aiiufnkliati  oivl-s — 
ooeoua  breccias  in  the  Morsi— Newer  Pliocene  nliuviuma— 
»nc*  betwcea  alluviumi  and  regiilii  Bubaigueous  itrutu — The  former  nC 
Taridui  ages — Marine  allmiuni— Grooved  surface  of  mcki— Errulic  blocks  ii( 
llic  Alps — Theory  of  ilelugeti  caused  by  piTOiytnal  ekrations  untenable — 
Bow  ico  inoy  have  cDnlribiitoJ  to  transport  large  blocks  from  thi!  Alpa—Eiiro- 
pun  »lluviunn  chiefly  lertiiry— Newer  Pliocene  in  Sicily— Lou  of  Ihe  Vulk^y 
of  Ihe  Ehine— III  origin —Contains  ri-cent  shells. 


FRESH-WATER  FORMATIONS. 

In  this  chapter  we  shitll  treat  of  ihc  fresh-water  forinatioiis, 
and  of  the  cave  breccias  and  alluviums  of  the  newer  I'liocctie 
period. 

In  regard  to  the  first  of  these,  they  must  have  beea  formed, 
io  greater  or  less  quantity,  in  nearly  all  the  existing  lakes  of 
tbe  world,  ia  those,  at  least,  of  which  the  basins  were  formed 
before  the  earth  was  tenanted  by  man.  If  the  great  lakes  of 
North  America  originated  before  that  era,  the  sedimentary 
strata  deposited  therein,  in  the  ages  immediately  antecedent, 
would,  according,  to  the  terms  of  our  definition,  belong  to  the 
newer  Pliocene  period. 

Valley  of  the  EUa. — As  an  example  of  the  strata  of  this  age. 
-which  have  been  exposed  to  view  in  consequence  of  the  drain- 
age of  a  lake,  we  may  mention  those  of  the  valley  of  the  Elsa, 
in  Tuscany,  between  Florence  and  Sienna,  where  we  meet  witii 
fresh-water  marls  and  travertins  full  of  shells,  belonging  to 
species  which  now  live  in  Ihe  lakes  and  rivers  of  Italy.  Valleys 
Several  hundred  feet  deep  have  been  excavated  through  the 
lacustrine  beds,  and  the  ancient  town  of  Colic  stands  on  a  bill 
composed  of  ihcni.  The  subjacent  formation  consists  of  ma- 
rine Subapenninc  beds,  lit  which  more  than  half  the  shells  are  | 
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of  recent  species.  The  fresh-water  shells  whidi  I  coikcled 
near  Colle  are  in  a  very  perfect  state,  and  the  colours  of  tk 
Neritinse  arc  peculiarly  brilliant.  The  following  six  speoo^ 
all  of  which  now  inhabit  Italy,  were  identified  by  M.  Deshayei: 
Paludina  impura,  Neritina  fluviatilis,  Succinea  aniphiUa,Lini- 
neus  auricularisy  L.  pereger.  and  Planorbis  carinatus. 

Travertins  of  Rome, — Many  of  the  trayertins  and  eiln* 
reous  tufas  which  cap  the  hills  of  Rome  may  also  belong  to 
the  same  period.  The  terrestrial  shells  inclosed  in  these  mam 
are  of  the  same  species  as  those  now  abounding  in  the  gardcDi 
of  Rome,  and  the  accompanying  aquatic  shells  are  such  as  ive 
found  in  the  streams  and  lakes  of  the  Campagna.  On  Momt 
Avcntine,  the  Vatican,  and  the  Capitol,  we  find  abundance  of 
vegetable  matter,  principally  reeds  encrusted  with  calcareous 
tufa,  and  intermixed  with  volcanic  sand  and  pumice.  The 
tusk  of  a  mammoth  has  been  procured  from  this  formation, 
filled  in  the  interior  with  solid  travertin^  wherein  sparkling 
crystals  of  augite  are  interspersed,  so  that  the  bone  has  all  the 
appearance  of  having  been  extracted  from  a  hard  crystalline 
rock  *. 

These  Roman  tufas  and  travertins  repose  partly  on  marine 
tertiary  strata,  belonging,  perhaps,  to  the  older  Pliocene  ov, 
and  partly  on  volcanic  tufi^  of  a  still  later  date.  They  must 
have  been  formed  in  small  lakes  and  marshes,  which  existed 
lirrorc  the  excavation  of  the  valleys  which  divide  the  seven  hills 
of  Rome^  and  they  must  originally  have  occupied  the  lowest 
hollows  of  the  country,  whereas  now  we  find  them  placed  upon 
the  summit  of  hills  about  200  feet  above  the  alluvial  plain  of 
the  Tiber.  We  know  that  this  river  has  flowed  neariy  in  its 
present  channel  ever  since  the  building  of  Rome,  and  scarcely 
any  changes  in  the  geographical  features  of  the  country  have 
taken  place  since  that  era. 

When  the  marine  tertiary  strata  of  this  district  were  formed, 
those  of  Monte  Mario  for  example,  the  Mediterranean  was 
already  inhabited  by  a  large  proportion  of  the  existing  species 

*  This  fowil  was  shown  me  by  Signor  Riccioli  at  Boma. 
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r  tettncefl.  At  R  subsequent  period,  volcanic  eruptions  oc- 
I  cutTcd,  and  tuffs  were  superimposed.  The  marine  formation 
I  ihen  erapTgwl  from  the  deep,  and  supported  lakes  wherein  tlie 
I  fresh-water  groups  above  described  slowly  accumulated,  at  a 
hen  the  mammoth  abounded  id  the  country.  The 
■Valley  of  the  Tiber  was  afterwards  cxcavatcti,  and  the  adjoin- 
ling  hills  assumed  their  present  shaj>e,  and  then  a  long  interval 
1  tnay,  perhaps,  have  elapsed  before  the  first  human  eettlcrs 
I  fcrrired.  Thus  we  have  evidence  of  a  chain  of  events  all  re- 
I  gardcd  as  estremcly  recent  hy  the  geologist,  but  which,  never- 
I  Cbeless,  may  have  preceded,  for  an  immense  series  of  ages,  a 
I  Ttry  remote  era  in  the  history  of  tialiuns. 

OSSEOUS  BRECCIAS. 

SicHy. — The  breccias  recently  found  in  several  caves  in 
Sicily  belong  evidently  to  the  period  under  consideration.  We 
have  shown,  in  the  sixth  chapter,  that  the  cavernous  limestone 
of  the  Val  di  Nolo  is  of  very  modern  date,  as  it  contains  a 
great  abundance  of  fossil  shells  of  recent  species,  Bui  if  any 
breccias  are  found  in  the  caverns  of  this  rock  they  must  be  of 
still  later  origin. 

We  are  informed  by  51,  Hoffmann,  that  the  bones  of  the 
mammoLli,  and  of  an  extinct  spocies  of  hippopotamus,  have 
been  discovered  in  the  stalactite  of  caves  near  Soriino,  of  which 
the  siluatiou  is  represented  lu  the  annexed  diagram  at  b.    The 
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an  extinct  rhinoceros  and  bippopotamus,  in  a  cave  in  the  neigh- 
bourhood of  Syracuse,  where  the  country  is  compoaed  entiidj 
of  the  Val  di  Noto  limestone.     Some  of  the  fragments  b  Hat 
breccia  are  perforated  by  lithodomi,  and  the  whole  mass  b 
covered  by  a  deposit  of  marine  clay  filled  with  recent  8beDs^ 
These  phenomena  may,  we  think^  be  explained  by  suppoiiog 
such  oscillations  of  level  as  are  known  to  occur  on  maritime 
coasts  where  earthquakes  prevail,  such,  in  fact,  as  have  beet 
witnessed  on  the  shores  of  the  Bay  of  Baiae   within  the  last 
three  centuries  f.     For  it  is  evident  that  the  temporary  sub- 
mergence of  a  cave  filled  with  osseous  breccia  might  afford 
time  for  the  perforation  of  the  rock  by  boring  testacea,  and  for 
the  deposition  upon  it  of  mud,  sand,  and  shells. 

The  association  in  these  and  other  localities  of  shells  of  liviiig 
species  with  the  remains  of  extinct  mammalia  is  very  distinct, 
and  corroborates  the  inference  adverted  to  in  a  former  chapter, 
that  the  longevity  of  species  in  the  mammalia  is,  upon  the 
whole,  inferior  to  that  of  the  testacea.  This  circumstance  we 
are  by  no  means  inclined  to  refer  to  the  intervention  of  man, 
and  his  power  of  extirpating  the  larger  quadrupeds,  for  the 
succession  of  mammiferous  species  appears  to  have  been  in  like 
manner  comparatively  rapid  throughout  the  older  tertiary 
periods.  Their  more  limited  duration  depends,  in  all  proba- 
bility, on  physiological  laws  which  render  warm-blooded  qua- 
drupeds less  capable,  in  general,  of  accommodating  themselves 
to  a  great  variety  of  circumstances,  and,  consequently,  of 
surviving  the  vicissitudes  to  which  the  earth's  surface  is  ex- 
posed in  a  great  lapse  of  ages}. 

Caves  near  Palermo. — The  caves  near  Palermo  exhibit  ap- 
pearances very  analogous  to  those  above  described,  and  much 
curious  information  has  been  lately  published  respecting  them. 
According  to  Hoffmann,  the  grotto  of  Mardolce  is  distant 
about  two  miles  from  Palermo,  and  is  20  feet  high  and  10 

*  Hoffmann,  Archiv.  fur  Mineralof^e,  p.  393.    Berlin,  IS31.    Dr.  Christie, 
ProcevdingH  of  Geol.  Soc.,  No.  xxiii.  p.  333. 

t  Vol.  i.  chap.  xxy.  I  See  above,  p.  48,  and  Yol.  i.  chap,  vi,  - 
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Iride.     It   occurs  in  a  secondary   limestone,  in   the  Monte 

Brifone,  at  the  base  of  a  rocky  precipice  about  I8U  feel  above 

.      From  the  foot  of  this   precipice  an  inclined  plane, 

insisting  of  horizontal  tertiary  strata,  of  the  newer  Pliocene 

oiod,  extends  to  the  sea,  a  distance  of  about  a  mile. 

No,  27. 


''II '  "■  It  I 
,"iii// ) ,. 


a,  Uonic  Grifune.  c,  Plain  ofPaleimo. 

t.  Cue  ofSaa  Cira.  d,  Bay  of  Faluniio*. 

The  limestone  escarpment  was  evidently  once  a  sea-cliff,  and 
ihe  ancient  beach  still  remains  formed  of  pebbles  of  various 
rocVa,  many  of  which  must  liave  been  brought  from  places  far 
TcntOIC.  Broken  pieces  of  coral  and  shell,  especially  of  oysters 
and  pectens,  are  seen  intermingled  with  the  pebbles.  Imme- 
diately above  the  level  of  this  beacli  serpultc  are  still  found 
adhering  to  the  face  of  the  rock,  and  the  limestone  is  perforated 
by  lithodoini.  Within  the  grotto  also,  at  the  same  level,  simi- 
lar perforations  occur,  and  so  numerous  ore  the  holes,  that  the 
rock  is  compared  by  Hoffmann  to  a  target  pierced  by  musket 
balls.  But  in  order  to  exiwse  to  view  these  marks  of  boring- 
shclls  ill  the  interior  of  the  cave,  ic  was  necessary  first  to  remove 
a  mass  of  breccia,  which  consisted  of  numerous  fragments  of 
rock  and  an  immense  quantity  of  bones  imbedded  in  a  dark 
brown  calcareous  marl.  Many  of  the  bones  were  rolled  as  if 
partially  subjected  to  the  action  of  the  waves.  Below  this 
breccia,  which  is  about  20  feet  thick,  was  found  a  be<l  of  sand 
filled  with  sea-shells  of  recent  species,  and  underneath  the 

•  Tlui  leclion  ii  gimn  by  Dt.  Chriitie.  «s  of  the  Cave  of  San  Giro.— Kil.  New 
Phil.  Joum.,  No.  ixiii.  Its  geographical  [>n»itiiin  anil  oilier  cliuaclcrs  agteg  to 
preciuly  wilVi  Ihal  ot  Mardolcc,  described  by  M.  Hoflmaun,  that  it  may  bo  ano' 
Ihct  osuic  tor  theaame  cave,  oroae  jmincdiutu'y  adjoining. 
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nod  again  is  the  secoodary  limestone  of  Monte  Grifooc  The 
state  of  the  surface  of  the  limestone  in  the  care  above  theln^ 
of  the  marine  sand  is  very  different  from  that  below  it.  Ahsm, 
the  rock  is  jagged  and  uneven,  as  is  usual  in  the  rood  and  ado 

of  limestone  caverns ;  Mdir,  the  sufiiiceia  smooth  |uidpoii|l|f4 
as  if  by  the  attrition  of  the  waves. 

So  eoormous  was  the  quantity  of  bones^  that  many  ship* 
loads  were  exported  in  the  years  1829  and  1830,  in  the  hope 
of  their  retaining  enough  geUtine  to  serve  for  refining  sugir, 
for  which,  however,  they  proved  useless.  The  bones  bekag 
chiefly  to  the  mammoth  {E.  primigenhu)^  and  with  them  are 
those  of  an  hippopotamus,  smaller  than  the  species  usually 
found  fossil^  and  disunct  from  the  recent.  Several  species  of 
deer  were  also  found  with  the  above*.  The  retpains  of  a  besTi 
also,  are  said  to  have  been  discovered. 

It  is  easy  to  explain  in  what  manner  the  cavern  of  Mardoloe 
was  in  part  filled  with  sea-sand,  and  how  the  surfiure  of  the 
limestone  became  perforated  by  lithodomi;  but  in  what 
manner,  when  the  elevation  of  the  rocks  and  the  andent  beach 
had  taken  place,  was  the  superimposed  osseous  breccia  formed  ? 
The  extraordinary  number  of  the  imbedded  animal  remains 
precludes,  we  think,  at  once  the  supposition  of  the  whole  having 
l>een  heaped  up  together  by  a  single  catastrophe.  Let  us  sup- 
pose that,  when  the  caves  were  at  a  moderate  elevation  above 
the  level  of  the  sea,  they  were  exposed,  during  a  succession  of 
earthquakes,  to  be  inundated  again  and  again  by  waves  roUing 
in  upon  the  land  till  they  reached  the  base  of  an  inland  clifT, 
not  far  from  the  shore.  Reiterated  catastrophes  may  thus  have 
occurred,  like  that  of  1783  in  Calabria,  when  a  wave  broke  in 
upon  the  coast,  and  after  sweeping  away  1400  of  the  in- 
habitants and  many  cattle^  threw  in  upon  the  land,  on  its  return, 
the  Inxlies  of  men  and  the  carcasses  of  animals,  mingled  with 
sand  and  pebbles.  Caves  so  flooded  might  be  inhabited  by 
some  animals,  and  others  might  retreat  into  them  during  a 
period  of  alarm.     We  attach  no  importance,  however,  to  these 

•  Cuvier,  Disc  PrsUnh  p.  345,    6U)  Ed. 
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culations,  but  merely  throw  them  out  as  hinU  for  those  who 
flijr  reexamine  these  caves  and  be  desirous  of  coUecling  ad- 
1  facts. 

7«ro  other  caverns  are  described  by  Dr.  Christie  as  occur- 
»g  in  Mount  Bdiemi,  about  four  miles  west  of  Palerpio,  at  a 
gher  elevation  tlian  that  of  Mardolcc,  being  more  than  300 
et  above  the  level  of  ihe  sen.  In  one  of  these  localities  the 
Onca  are  only  found  in  a  talus  at  the  outside  of  the  cavern;  in 

»  other,  they  occur  both  within  the  cave  and  in  the  talus 
Fhich  slopes  from  it  to  the  plain  below.  These  caves  appear  to  be 
ituated  much  above  the  highest  point  attained  by  the  tertiary  du- 

■its  in  this  neighbourhood,  nor  is  there  the  slightest  appear- 
;  in  the  caves  themselves  of  the  sea  having  been  there  *. 

The  breccias  in  these  caves  may  have  originated  in  the  man- 
ner before  suggested,  vol.  ii.  chap.  xiii. 

AuMlrutian  Breccias. — In  several  parts  of  Australia.ossifTerous 
breccias  have  lately  been  discovered  in  limestone  caverns,  and 
the  rcraains  of  the  fossil  mammalia  arc  found  to  he  rcfenilile  to 
cpectes  now  living  in  that  country,  mingled  with  some  relies  of 
extinct  animals.  Many  of  these  have  been  examined  by  Major 
Miichell  in  the  Wellington  Valley,  about  210  miles  west  from 
Sidney,  on  the  river  Bell,  one  of  the  principal  sources  of  the 
lllacquarrie,  and  on  the  Macquarrie  itself. 

The  caverns  appear  to  correspond  closely  with  those  which 
contain  similar  osseous  breccias  in  Europe  ;  they  often  branch 
ofTiii  different  directions  through  the  rock,  widening  and  con- 
tracting their  dimensions,  the  roofs  and  floors  being  covered 
with  stalBctitc.  The  bones  are  often  broken,  but  do  nut  ap- 
pear water-worn.  In  some  caves  and  fissures  they  lie  imbedded 
in  loose  earth,  but  usually  they  are  included  in  a  breccia,  hav- 
ing a  red  ochreous  cement  as  hard  as  limestone,  and  like  that 
of  the  Mediterranean  caves. 

The  remains  found  most  oliundantly  are  those  of  the  kan- 
garoo.      Amongst  others,   those  of  the  Wombat,  Dasyurus, 

•  Di.T.  Chilalie,  on  cecluin  Knwer  Unpasili  ia  Sicily,  iit.~J».mt»va,  E<1. 
^cw  FbU.  Jqutd.,  No.  xxiu.  p.  1. 
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Eaola,  and  Plialangista,  have  been  recognized.  The  grealer 
part  of  them  belong  to  existing,  but  several  to  extinct,  specii's. 
One  of  the  hones  is  of  much  greater  size  than  the  rest,  and  is 
supposed,  by  Mr.  Chft,  to  belong  to  an  hippopotamus  •, 

In  a  collection  of  these  bones  sent  to  Paris,  Mr.  Pentland 
thought  he  could  recognize  a  species  of  Halmaturus  of  larger 
size  than  the  largest  living  kangaroo  |. 

Tliese  facts  are  full  of  interest,  for  lliey  prove  that  the 
peculiar  type  of  organization  which  now  characterizes  the 
marsupial  tribes  lias  prevailed  from  a  remote  period  in  Aus- 
tralia, and  that  in  that  continent,  as  in  Europe,  North  and  South 
America,  and  India,  many  species  of  mammalia  have  become 
extinct.  It  also  appears,  although  the  evidence  is  less  com- 
plete than  we  could  have  wished,  that  land  quadrupeds,  far 
exceeding  in  magnitude  the  wild  species  now  inhabiting  New 
Holland,  have,  at  some  former  period,  existed  in  that  country. 

hreccias  now  forming  in  the  Morea. — Respecting  the  various 
ways  in  which  fissures  and  caverns  may  become  gradually  filled 
up  with  osseous  hreccias,  we  may  refer  the  reader  to  what  we 
have  said  in  a  former  volume  J.  It  appears,  however,  from  a 
recent  communication  of  M.  Boblaye,  that  the  Morea  is,  of  all 
the  countries  hitherto  investigated,  that  which  throws  the  great- 
est light  on  the  mode  in  which  the  Mediterranean  breccias  may 
have  originated. 

In  that  peninsula  a  great  many  of  the  rivers  and  torrents 
terminate  in  land. locked  hollows,  whore  they  are  engulphed  \a 
chasms  which  traverse  limestone.  They  sometimes  reappear 
at  great  distances,  but  generally  they  discharge  their  waters 
below  the  level  of  the  sea,  '  Numerous  bone  caverns,'  says 
M.  Boblaye,  '  may  thus  be  filling  up  in  our  own  times,  and 
the  gulphs  (katavothrons)  of  the  plain  of  Tripolitza  have 
swallowed  up  of  late  years  thousands  of  human  bones,  mingled 

■  Mr.  Clin,  Ell.  New  Phil.  Juum.,  No.  XX.  p.  394._M>j[ir  Mitchell,  PiooBC^ 
iuggorOtol.  Soc,  1 BS 1 ,  p.  321 . 

-f-  Jouin.  de  Giologie,  tomeiii.  p.  291.  The  bone  of  an  t/rpAanI  mcDlioned  bf 
Mr.  Funtland  wai  llie  lame  lorgu  bone  alliideil  lo  by  Mr.  Clirt, 

J  Vol.  ii.  chap.  xiiL 
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itb  the  same  ochreous  clny  wliicli  envelops  tlic  osseous  remains 
'higber  antiquity  *.' 

NEWER  PLIOCENE  ALLUVIUMS. 
Sooie  writers  have  attempted  lo  introduce  into  tlieir  classi- 
tttiuD  of  geological  periods  an  alluvial  epoch,  as  if  the 
•nsportation  of  loose  matter  from  one  part  of  the  surface  of 
e  land  to  another  had  been  the  work  of  one  particular  period. 
In  our  opinion,  they  might  have  endeavoured,  with  equnl 
opriety,  to  institute  a  volcanic  period,  or  a  perioil  of  marine 
fresh-water  deposits.  We  believe,  on  the  contrary,  that 
Uuvial  formations  have  originated  in  every  age,  but  more 
icularjy  during  those  iieriods  when  land  has  been  raised 
ove  its  former  level,  or  depressed  below  it.  We  defined 
uvium  to  be  such  transported  matter  as  has  been  thrown 
iwn,  cither  by  rivers,  floods,  or  other  causes,  upon  land  liable 
inundations,  or  wliich  is  not  permanently  submerged  beneath 
iJic  waters  of  lakes  or  scasf-  As  examples  of  tlie  other  causes 
advened  lo  in  the  above  definition,  wc  might  instance  a  wave 
of  t)ic  sea  raised  by  an  earthquake,  or  a  water- spout,  or  a 
glacier. 

We  have  stud  permanently  submerged  in  order  to  distin- 
guish between  alluviums  and  regular  subaqueous  deposits. 
The  latter  are  accumulated  in  lakes  or  great  submarine  re- 
ceptacles, the  former  in  the  channels  of  rivers  and  currents, 
wIiLTC  the  materials  may  be  regarded  as  l>eing  still  in  iransUu, 
or  oil  their  way  to  a  place  of  rest.  There  may  be  cases  where 
it  U  impossible  to  draw  a  line  of  demarcation  between  these 
two  classes  of  formations,  but  tlicse  exceptions  arc  rare,  and 
the  division  is,  upon  the  whole,  convenient  and  natural,  the 
drcumslonces  being  very  di£Ferent  under  which  each  group 
originates. 

Marine  alluvium. — The  term  *  marine  alluvium '  is,  perhaps, 
admisable  if  confined  to  banks  of  shingle  thrown  up  Hke  the 

■  "  Joum.  lie  Gtologie,  touic  iii.  No.  x.  p.  1(15. 
f  Vul.  ii.  chap.  kiv. 
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ken  caused  by  earlhqnakcs  or  excavated  by  the  power  of 
running  waler  during  the  rise  of  the  land.  The  alluvium  in 
tbuse  more  modem  valleys  would  consist  partly  of  pebbles 
wa»i)ed  out  of  the  older  gravel  before  mentioned,  but  chiefly  of 
/raiments  derived  from  the  wreck  of  those  rocks  which  were 
mnoved  during  the  erosion  of  the  valleys. 

Many  of  the  most  widely  distributed  of  the  British  allu- 
Tiums  may  we  think  be  referred  to  the  action  of  the  sea 
previous  to  the  elevation  of  the  land  ;  and  for  this  reason  we 
never  expect  to  be  able  to  trace  all  the  pebbles  to  their  parent 
rocks.  If  it  be  objected  that  the  high  antiquity  thus  ascribed 
In  many  of  our  superficial  deposits  seems  inconsistent  with  their 
actual  state  of  preservation,  we  may  observe,  that  they  are 
often  composed  of  indestructible  materials,  such  as  flint  and 
quartz,  and  in  many  cases  they  have  been  protected  for  ages 
from  the  corroding  action  of  the  atmosphere  by  an  envelope  of 
kmm  or  clay,  from  which  they  have  been  partially  and  slowly 
washed  out  by  rain. 

It  must  not,  however,  be  understood  that  we  refer  the 
greater  part  of  the  alluviums  scattered  over  our  continents  to 
the  wares  and  currents  of  the  sea,  but  merely  some  of  those 
which  have  been  justly  regarded  as  most  singular  and  anoma- 
lous, both  in  position  and  in  the  discordance  of  their  contents 
with  any  known  rocks  in  the  adjacent  countries. 

GronreJ  ttir/ofe  of  rocks. — We  sometimes  find  the  surface 
of  large  tracts  hollowed  out  extensively  in  parallel  grooves, 
such  as  have  been  described  by  Sir  James  Hall  on  the  summits 
of  the  Corslorphine  Hills,  where  I  have  myself  examined  them, 
io  company  with  Dr.  Buckland.  These  grooves  may  have 
been  caused  by  the  friction  of  blocks  rolled  along  the  floor  of 
the  ocean  before  the  country  emerged  from  the  deep.  The 
mate  appearances  may  he  seen  on  a'  smaller  scale,  in  the  beds 
of  many  mountain-streams  in  Scotland,  and  I  observed  them 
strikingly  displayed  on  Etna,  in  the  defile  called  the  Portella 
di  Calanna,  where  a  hard  blue  lava  of  modern  date  has  been 
furrowed  in  this  manner  by  the  rolling  of  blocks  down  a  steep 
declivity.  ^  ^ 
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We  liave  endeavoured,  in  a  former  volume,  to  point  out  the 
great  power  exerted  by  running  water  on  the  land  in  excavating 
valleys,  at  those  periods  when  violent  earthquakes  derange, 
from  time  to  time,  tlie  regular  drainage  of  a  country  *.  We 
also  explained  the  manner  in  which  temporary  takes  are  formed, 
and  how  the  accumulated  waters  may  suddenly  escape,  when 
the  barriers  are  rent  open  by  subsequent  convulsions. 

Erratic  blocks. — Blocks  of  extraordinary  magnitude  have 
been  observed  at  the  foot  of  the  Al]is,  and  at  a  considerable 
height  in  some  of  the  valleys  of  the  Jura,  exactly  opposite  the 
principal  openings  by  which  great  rivers  descend  from  the 
Alps.  These  fragments  have  been  called  '  erratic,'  and  many 
imaginary  causes  have  been  invented  to  account  for  their  trans- 
portation, Some  have  talked  of  chasms  opening  in  the  ground 
immediately  below,  and  of  iiuge  fragments  having  been  cast  out 
of  them  from  the  bowels  of  the  earth.  Others  have  referred 
to  the  deluge, — a  convenient  agent  in  which  they  find  a  simple 
solution  of  every  difficult  problem  exhibited  by  alluvial  phe- 
nomena. More  recently,  the  instantaneous  rise  of  mountain- 
chains  has  been  introduced  as  a  cause  whicli  may  have  given 
rise  to  diluvial  waves,  capable  of  devastating  whole  continentSf 
and  drifting  huge  blocks  from  one  part  of  the  earth's  surface 
to  another. 

M.  Elie  de  Beaumont  has  indulged  in  the  speculation,  tliat 
the  sudden  '  appearance  of  the  Cordillera  of  the  Andes '  may 
have  caused  '  the  historical  deluge  f  ! '  Now,  if  we  were  suf- 
ficiently acquainted  with  the  Andes  to  have  grounds  for  assuming 
that  they  were  not  upheaved,  like  the  Alps,  al  several  suc- 
cessive periods ; — if  we  could  assume  that  they  have  started  up 
at  once,  so  as  to  attain  their  actual  height  in  an  instant  of 
time ; — if,  in  short,  we  could  embrace  the  theory  of  '  paroxys- 
mal elevations,'  still  we  should  consider  the  hypothesis  of  a 
connexion  between  the  rise  of  the  Andes  and  the  historical 


t  L'Age  lelatif  dm  Montii(,Tii;a,  sec,  i,— Bevuc  Franraise,  No.  ^v.,  Iklii,  1830, 
p,55. 
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luge,  as  most  extravagant.  It  cannot  be  disputed  that,  if 
of  the  unfatbomable  ocean  were  suddenly  converted  into 
•hool,  a  great  body  of  water  ivould  be  displaced,  and  a  dilu- 
ffave  might  then  inundate  some  previously- existing  conli- 
A  line  of  shoals,  therefore,  or  reefs,  consisting  of 
:tercd  and  dislocated  rocka,  and  surrounded  on  all  sides  by 
great  depth  of  sea,  ought  first  to  have  been  pointed  out  by 
Ibc  paroxysmalist  as  one  of  the  protruded  masses  which  may 
i»e  caused  a  recent  deluge.  The  subsequent  upthrow  of 
ese  same  reefs  to  an  additional  height  of  ten,  fifteen,  or 
•eoty  thousand  feet,  converting  them  suddenly  into  a  moun- 
ID  ridge  like  the  Andes,  wouUl  displace  a  great  volume  of 
BUnospheric  air,  not  of  water,  and  if  the  velocity  of  the  move- 
aacnt  were  sufficiently  great,  might  occasion  a  tremendous 
hurricane. 

If  it  be  said  that  a  convulsion  sufficiently  violent  to  raise  the 
Andes  would  probably  extend  far  beyond  the  immediate  range  of 
the  mountain  chain,  we  reply  that,  according  to  that  theory,  it 
was  not  the  Andes,  but  some  other  unknown  tract,  part  perhaps 
of  the  present  bed  of  the  Pacific,  which  occasioned  the  flood. 
And  if  we  indulge  in  conjectures  as  to  what  may  have  happened 
in  contiguous  regions  at  the  time  when  the  Cordillera  arose,  we 
ask  whether  those  regions  may  not  have  sunk  down,  so  as  to  cause 
a  subsidence  instead  of  an  uplifting  of  the  oceanic  waters  ? 

But  leaving  the  farther  discussion  of  these  speculative  views, 
Jet  us  return  to  the  origin  of  the  larger  erratic  blocks  of  Alpine 
origin.  It  has  been  often  suggested,  that  ice  may  have  con- 
tributed its  aid  towards  the  lrans.fer  of  these  enormous  blocks, 
and,  as  the  transporting  power  of  ice  is  now  so  conspicuously 
displayed  in  the  Alps,  the  idea  is  entitled  to  the  fullest  consi- 
deration. 

Those  naturalists  who  have  seen  the  glaciers  of  Savoy,  and 
who  have  beheld  the  prodigious  magnitude  of  some  fragments 
conveyed  by  them  from  the  higher  regions  of  Mont  Blanc  to 
the  valleys  below,  to  a  distance  of  many  leagues,  will  be  pre- 
pared to  appreciate  the  ciTects  which  a  series  of  earthquakes 
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might  produce  in  this  region^  if  the  peaks  or  ^  needkii^  »llqf 
are  called,  of  Mont  Blanc  were  shaken  as  rudely  as  many fal| 
of  the  Andes  have  been  in  our  own  times.     The  gladm  « 
Chamouni  would  immediately  be  covered  under  a  jmUgtm 
load  of  rocky  masses  thrown  down  upon  them.     Let  iis«  film, 
fanagine  one  of  the  deep  narrow  gorges  in  the  course  of  th 
Arve,  between  Chamouni  and  Cluse*  to  be  stopped  up  bj  Ai 
sliding  down  of  a  hill-side  (as  the  Rossberg  fell  in  1806% 
and  a  lake  would  fill  the  valley  of  Chamouni^  and  the  lorn 
parts  of  the  glaciers  would  all  be  laid  under  water.     Ik 
streams  which  flow  out  of  arches,  at  the  terminatkm  of  eak 
glacier,  prove  that  at  the  bottom  of  those  icy  masses  there  mt 
vaulted  cavities  through  which  the  waters  flow.     Into  Hbm 
hollows  the  water  of  the  lake  would  enter,  and  might  Aui 
float  up  the  ice  in  detached  icebergs^  for  the  glaciers  are  nmek 
fissured,  and  the  rents  would  be  greatly  increased  during  t 
period  of  earthquakes.     Icebergs  thus  formed  might,  we  con- 
ceive, resemble  those  seen  by  Captain  Scoresby  far  ftom  land 
in  the  Polar  seas^  which  supported  fragments  of  rock  and  soil, 
conjectured  to  be  above  fifty  thousand  tons  in  weight  f.    Let 
a  subsequent  convulsion,  then,  break  suddenly  the  barrier  of 
the  lake^  and  the  flood  would  instantly  carry  down  the  icebergs, 
together  with  their  burden,  to  the  low  country  at  the  base  d 
the  Alps. 

We  have  stated  in  the  first  volume  that  blocks  conveyed  on 
floating  icebergs  must  be  deposited  in  difierent  parts  of  the 
bottom  of  the  ocean,  in  whatever  latitudes  those  icebergs  are 
dissolved}. 

European  alluviums  in  (jreat  part  tertiary. — If  those  writers 
who  speak  of  an  *  alluvial  epoch  ^  intend  merely  to  say  that  a 
great  part  of  the  European  alluviums  are  tertiary^  we  fully  coin- 
cide in  that  opinion,  for  the  map  of  Europe,  given  in  our 
second  volume,  will  show  that  almost  every  part  of  the  existing 
continent  of  Europe  has  emerged  from  beneath  the  waters 

*  Soe  above,  vol.  ii.  Itt  Ed.,  p.  229 ;  2d  Ed.  p.  235. 
t  See  above,  vol.  i.  p.  299,  1st  Ed.j  p.  342,  2d  Ed.  t  Vol.  i.  ibid. 
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some  one  m  other  of  the  tertiary  periods ;    and  it  U 

Imble,  that  even  those  districts  which  were  land  before  the 

unenoemeiU  of  the  tertiary  epoch,  may  have   shared  in 

sublcrraacan  convulaions  by  which  the  levels  of  adjoining 

have  since  been  altered.     During  such  sublermnean 

;s  new  alluviums  would   be  formed  in  great  ahuii- 

tee,  and  those  of  mure  ancient  date  so  modified  as  to  reLuiu 

any  uf  iheir  original  distinguishing  ciiaracters. 

LOCALITIES  OF  NEWER  PLIOCENE  ALLUVIUMS. 
JSfc%.^Assuming,  then,  that  almost  all  the  European  allu- 
^ums  are  tertiary,  we  have  next  to  inquire  which  of  them 
'bekmg  to  the  newer  Pliocene  period.  Il  is  clear  that  when  a 
difttrict,  like  the  Val  di  Noto,  is  composed  of  rocks  of  tliis  age, 
all  the  alluvium  upon  the  surface  must  necessarily  belong 
mther  to  the  newer  I'liocene  or  to  the  Recent  epoch.  If,  iherc- 
fare,  the  elevation  of  the  mountains  of  the  Val  di  Noto  was 
chiefly  accomplished  antecedently  to  ihc  recent  epoch,  wc  must 
at  once  pronounce  alluviums,  in  the  position  indicated  at  u, 
diagram  No.  26  (p.  139),  to  belong  to  the  newer  Pliocene 
era.  I  am  informed,  that  gravel  so  situated  occurs  at  Gram- 
michele  in  Sicily,  containing  the  bonea  of  the  mammoth. 

Loess  of  the  Valley  of  the  Rhine. — There  is  a  remarkable 
alluvium  filled  with  land-shells  of  recent  species,  which  over- 
spreads a  great  part  of  the  valley  of  the  Rhine,  between  Basic 
and  Cologne,  which,  as  it  contains  no  remains  of  man  or  his 
Works,  we  may  refer  to  tlie  newer  Pliocene  era.  This  deposit 
is  provincialiy  termed  '  Loess,'  or,  in  Alsace,  '  Lehm,'  and  has 
been  described  by  many  geologists,  whose  observarions  we 
have  lately  had  opportunities  of  verifying  *. 

According  to  M.  Leonhard  the  loess  consists  chiefly  of  argil- 
laceous matter  combined  with  a  sixth  part  of  carbonate. of  lime 
and  a  si-ith  of  c|uartzose  and  micaceous  sand.  It  may  be  de- 
scribed as  a  pulverulent  loam,  of  a  dirty  yellovrish-grey  colour, 

Ataoag  these  w«  may  meattuu  MU.  LvunhartJj  BioDii,  BauC;  Vultz,  Sltiiiin- 
gu,  Meiiaii,  Roiiit,  md  UttibuTt. 


often  oonUining  calcareous  sandy  concretioiis  or  nodiita^iHlf 
exceeding  the  size  of  a  man's  head.     Its  entiie  tUdmeaik 
ceruin  localities,  amounts  to  several  hundred  feet ;  jetVDapi 
of  stratification  appear  in  the  mass,  except  here  and  Akr* 
the  bottom,  where  there  is  a  slight  intermixture  of 
derived  from  subjacent  rocks.     No  marine  remains  are 
where  imbedded  in  it,  but  land-shells  of  exMng  tptdmm 
extremely  common,  and  the  remains  of  the  mammoth|  honi^ 
and  some  other  quadrupeds,  are  said  to  have  been  found  ki 
The  general  absence  of  fresh-water  diells  is  very  remaiUik 
I  collected  a  few  specimens  in  the  section  near  the  ManliBa 
gate  of  Heidelberg,  and  they  are  mentioned  as  having  bees 
found  at  a  few  other  spots,  by  several  of  the  writers  afaoie 
cited. 

The  loess  sometimes  rises  to  the  height  of  300  feet  above  the 
alluvial  plain  of  the  Rhine,  and  to  the  height  of  600  feet  ahoie 
the  sea ;  but  it  is  confined  to  the  valley  of  the  Rhine  and  its 
tributary  valleys,  preserving  everywhere  the  same  mineral  duh 
ractcrs^  except  where  the  lowest  portion  is  mixed  up,  as  bdbre- 
mentioned,  with  matter  derived  from  the  underlying  rocki 
The  loess  reposes  on  every  rock,  from  the  granite  to  the  gravel 
of  the  plains  of  the  Rhine,  and  must  have  been  thrown  down 
from  some  vast  body  of  water,  densely  charged  with  sediment, 
after  the  country  had  assumed  its  present  configuration.    I 
am  informed  by  M.  Studcr,   that   it  does   not  extend  into 
Switzerland,  so  that  we  may  suppose  the  flood  to  have  de- 
scended from  near  the  borders  of  that  country,  perhaps  from 
the  neighbourhood  of  Basle,  into  the  valley  of  the  Rhine,  where 
one  of  the  first  great  obstacles  to  its  passage  would  be  the 
Kaiserstuhl,  a  small  group  of  volcanic  hills  which  stand  almost 
in  the  middle  of  the  plains  of  the  Rhine,  south  of  Strasburg, 
between  the  chains  of  the  Black  Forest  and  the  Vosges.    These 
hills  are  covered  nearly  to  their  summits  with  loess.     But  the 
narrow  gorge  of  Bingen  and  Andernach   would  cause  the 
greatest  obstruction,  even  if  we  suppose  that  defile  to  have  been 
open  when  the  flood  descended,  which  was  probably  the  case, 
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tbee  we  find  the  loess  lower  down  the  valley,  on  the  flanks  of 
Ae  Siebeiigebirge. 

'We  have  stated  that  slratification  is  almost  entirely  wanting, 
kut  the  movement  of  the  muddy  waters  appears  in  some  places 
loiuve  torn  up  the  subjacent  soil,  and  then  to  have  thrown 
4i>VD  again  the  foreign  matter,  thus  mingled  with  the  loess,  in 
lajers  and  strata.  An  alternation  of  gravel  and  loess  has 
resulted  from  this  cause  in  lift  lower  part  of  the  section  before 
jdludcd  to  at  Heidelberg. 

I  observed  a  similar  blending  of  the  loess,  and  the  variegated 
sandstone  and  red  marl  imderlying  it  at  Zcuten  and  Odenau, 
in  a  valley  on  the  right  bank  of  the  Rhine,  at  a  short  dislanco 
from  the  Bergstrasse,  between  Wiesloch  and  Bruchsal,  a  loca- 
lity pointed  out  to  me  by  Professor  Bronn,  Near  Andernach 
there  is  a  similar  intermix  tit  re  and  alternation  of  the  lower  beds 
of  loess,  with  volcanic  ejections  such  as  are  strewed  over  that 
oountry,  a  phenomenon  from  which  some  observers  have  too 
hastily  inferrc'd  that  the  volcanic  eruptions  and  the  deposition 
of  the  loess  were  contemporaneous. 

The  Rhine  throughout  a  great  part  of  its  course  between 
the  lake  of  Constance  to  the  falls  of  Schaffhausen  traverses  a 
tertiary  deposit)  called  in  Switzerland  molaxwe,  which  consists  in 
some  places  of  stratified  yellow  loam.  At  Stein,  near  (Enin- 
gen,  this  loam  is  150  feet  thick,  and  resembles  exceedingly  the 
loss  before  described,  except  in  being  regularly  stratified.  If 
wc  could  suppose  the  waters  of  a  great  lake  like  that  of 
Constance  to  have  been  suddenly  let  free  by  an  earthquake, 
and  in  their  descent  into  the  valley  of  the  Ithine  to  have 
iutersected  such  strata,  wc  might  imagine  the  waters  to  have 
become  densely  charged  with  loam,  with  which  they  may  have 
parted  as  soon  as  their  velocity  was  diminished  by  spreading 
over  a  wider  space. 

The  catastrophe  which  brought  down  the  loess  must,  for  a 
time,  have  desoliiled  the  country,  but,  in  the  end,  it  has 
viirielicd  the  soil,  constituting  the  most  fertile  parts  of  Alsace 
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and  Lorraine,  which  were  previously  composed  of  barren  sand 
and  gravel. 

The  perfL-ct  state  of  preservation  of  the  land-sheiis  in  the 
loesB  may  iiave  arisen  from  their  having  been  floated  in  the 
turbid  water  in  which  there  were  no  liard  particles  to  injure 
them  by  friction.  The  occurrence  of  fresh-water  shells  is  so 
rare  as  by  no  means  to  warrant  the  theory  adopted  by  some, 
that  the  loss  was  formed  in  a-lake  instead  of  having  been 
thrown  down  from  a  transient  flood  of  muddy  water.  A  few 
individual  shells  of  aquatic  species,  the  inliabitants,  perliaps, 
of  rivers  or  small  ponds,  may  easily  have  been  washed  away 
and  intermingled  witJi  the  rest  during  the  inundation.  The 
names  of  fifteen  species  of  recent  shells,  which  I  collected  from 
the  loss,  arc  given  in  Appendix  II.* 


'  M.  Broau  of  Huiilellwig  passesuB  a  moru  extensive  calleclion. 
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CHAPTEH  SII. 


iiimenli  uf  Iho  oliUr  Pliocene  period — SubupennL 
OfinioDD  uf  Btucchi — DiAirent  groups  termeil  bj  bim  Suba 
■U  of  Ihe  BDniD  age — MincrHl  composition  of  Chu  Subajwanioe  furmntioas — 
Harii — Tellov  sand  and  )^Te1 — Subipeanine  liecia  hmr  funned — lUnttra- 
'  lion  datl«ed  (ram  tha  Upper  Val  d'Amo — Organic  remains  of  t<uba[j«uniDu 
hilii — Older  Pliocene  strata  at  the  bale  of  the  Manlimo  Alio— Genoa— Savona 
— Albenga — Nice — Congtomerale  of  Valley  of  Mngnou — Its  origin — Ttrtiury 
■trata  al  the  eattern  extremity  of  tbe  Pyreaues. 

OLDER  PLIOCENE  FORMATIONS, 

We  must  now  carry  back  our  retrospect  one  step  farther, 
and  treat  of  the  monuments  of  the  era  immediately  antecedent 
to  that  las^  considered.  We  defined  in  the  fifth  chapter  *,  the 
soological  characters  by  which  the  strata  uf  the  older  Pliocene 
period  may  be  distinguished,  and  we  shall  now  proceed  at  once 
to  describe  some  of  the  principal  groups  which  answer  to  those 
characters. 

Subapennine  strata. — The  Apennines,  it  is  well  known,  are 
composed  chiefly  of  secondary  rocks,  forming  a  chain  which 
brandies  off  from  the  Ligiirian  Alps  and  passes  down  the 
middle  of  the  Italian  peninsula.  At  the  foot  of  these  moun- 
tains, on  the  side  both  of  the  Adriatic  and  the  Meiliterranean. 
are  found  a  series  of  tertiary  strata,  which  form,  for  the  most 
part,  a  line  of  low  hills  occupying  the^space  between  the  oider 
chain  and  the  sea.  Broccht,  the  first  Italian  geologist  who 
described  this  newer  group  in  detail,  gave  it  the  name  of  the 
Subapennines,  and  he  classed  all  the  tertiary  strata  of  Italy, 
from  I'iedmont  to  Calabria,  as  parts  of  the  same  system, 
Certain  mineral  characters,  he  observed,  were  common  to  the 
wliole,for  the  strata  consist  generally  of  lighibrown  or  blue  mari, 
covered  by  yellow  calcareous  sand  and  gravel.  There  are  also, 
•  Abofe,  i>.  hi. 
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he  added,  some  species  of  fossil  shells  which  arc  found  in  these 
deposits  throughout  the  whole  of  Italy, 

In  a  catalogue,  published  by  Lamarck,  of  500  spreica  of 
fossil- shell !i  of  the  I'aris  basin,  a  small  number  only  were  enu- 
merated as  identical  with  those  of  Italy,  and  only  20  as  agreeing 
with  living  species.  This  result,  said  Brocchi,  is  wonderful, 
and  very  different  from  that  derived  from  a  comparison  of  the 
fossil-sheila  of  Italy,  more  than  luilfof  which  agree  with  spe- 
cies now  living  in  the  Mediterranean,  or  in  other  seas,  chiefly  of 
hotter  climates*. 

He  also  stated,  that  it  appeared  from  the  uhserrations  of 
Parkinson,  that  the  clay  of  London,  like  that  of  the  Subapcn- 
nine  hills,  was  covered  by  sand  (alluding  to  the  Crag),  and  that 
in  that  upper  formation  of  sand  in  England  the  species  of  shells 
corresponded  much  more  closely  with  those  now  living  in  the 
ocean  than  did  the  species  of  the  subjacent  clay.  Hence  he 
inferred  that  an  interval  of  time  had  separated  the  origin  of  the 
two  groups.  But  in  Italy,  he  goes  on  to  say,  the  shells  found 
in  the  marl  and  superincumbent  sand  belong  entirely  to  the 
same  group,  and  must  have  been  deposited  under  the  same 
circumstances  f. 

Notwithstanding  the  correctness  of  these  views,  Brocchi  con- 
ceived that  the  Italian  tertiary  strata,  as  a  whole,  might  agree 
with  those  of  the  basins  of  Paris  and  London,  and  he  endea- 
voured to  explain  the  discordance  of  their  fossil  contents  by 
remarking,  that  the  testacea  of  the  Mediterranean  differ  now 
from  those  living  in  the  ocean  J.  In  attempting  thus  to 
assimilate  the  age  of  these  distinct  groups,  he  was  evidently 
influenced  by  his  adherence  to  the  anciently -received  theory  of 
the  gradual  fall  of  the  level  of  the  ocean,  to  which,  and  not  to 
the  successive  rise  of  the  laud,  he  attributed  the  emergence  of 
the  tertiary  strata,  all  of  which  he  consequently  imagined  to 
have  remained  under  water  down  to  a  comparatively  recent 
period. 

Brocchi  was  perfectly  justified  in  afHrming  that  there  were 

•  Cuncli,  i'oBj.  Siibap.,  loiB.  i.  p.  148.        f  IlLd.,  p.  U7,        J  Ibid,  p.  ICfi. 
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species  of  shells  common  to  all  the  strata   called  by 

■m  Suliapennine ;    but  we  have  shown  that  this  fact  is  not 

tasislcnt  with  the  conclusion,  that  the  several  deposits  may 

riginated   at  dilTcrent  periods,    fur   there  are  species 

f  shells  common  to  all  the  tertiary  eras.     He  seems  lo  have 

I   aware,  however,  of  the  insufficiency  of  his  data,  for  in 

Eriviug  a  list  of  species  uaiversalty  distribiiteil  throughout  Italy, 

mhe  candidly  admits  his  inability  to  determine  whether  the  sliells 

■of  Pietimont  were  all  identical   with  those  of  Tuscany,  and 

I M  hether  those  of  ihe  northern  and  southern  extremities  of  Italy 

I  corresponded  *. 

We  itave  already  satisfactory  evidence  that  tlie  Subapenninc 
beds  of  Brocchi  belonged,  at  least,  to  three  periods.  To  the 
Miocene  we  can  refLT  a  portion  of  the  strain  of  Piedmont, 
those  of  the  hiil  of  tlie  Supergn,  for  example  ;  to  the  older 
Pliocene  belong  the  greater  part  of  the  strata  of  northern 
Italy  and  of  Tuscany,  and  perhaps  those  of  Rome;  to  the 
newer  Pliocene,  the  tufaceotis  formations  of  Naples,  the 
4:aIcareous  strata  of  Ocranto,  and  probably  the  greater  part  of 
the  tertiary  beds  of  Calabria. 

That  there  is  a  considerable  correspondence  in  the  arrnnge- 
naent  and  mineral  composition  of  these  different  Italian  groups 
is  undeoiable;  but  not  that  close  resemblance  which  should 
lead  us  to  assume  an  exact  identity  of  age,  even  had  the  fossil 
remains  been  less  dissimilar. 

Very  erroneous  notions  have  been  entertained  respecting 
the  contrast  between  the  lilhological  characters  of  the  Italian 
strata  and  certain  groups  of  higher  antiquity.  Dr.  Macculloch 
has  treated  of  the  Italian  tertiary  beds  under  the  general  title 
of '  elevated  submarine  alluvia,*  and  the  overlying  yellow  sand 
and  gravel  may,  according  to  him,  be  wholly,  or  in  part,  a  ter- 
restrial alluvium  f-  Hid  he  visited  Italy,  wc  arc  persuaded 
that  he  would  never  have  considered  the  tertiary  strata  of  J 
London  and  Paris  as  belonging  to  formations  of  a  different  J 
order  from  the  Subapcnnine  groups,  or  as  being  more  regu-j 
*  CoDcb.  Fdm.  Subsp.,  tom.  i.  p.  143,  f  Sy»t,  uf  Geul.,  tuL  i.  chap,  xi 
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larly  stratified.    He  seems  to  have  been  misled  bj  BnoUi 
description,  who  contrasts  the  more  cfystalline  and  sofidtettHe 
of  the  older  secondary  rocks  of  the  Apennines  with  the  Ibbb 
and  incoherent  nature  of  the  Subapennine  beds,  wbidi 
he  saysy  the  mud  and  sand  now  deposited  by  the  sea. 

Wc  have  endeavoured,  in  the  last  chapter,  to  restrict 
definite  limits  the  meaning  of  the  term  oUitraiiii ;  but  if  di 
Subapennine  beds  are  to  be  designated  *  marine  aDuris,'  tk 
same  name  might,  with  equal  propriety,  be  applied  not  aAj  to 
the  argillaceous  and  sandy  groups  of  the  London  and  Hup- 
shire  basins,  but  to  a  very  great  pcnrtion  of  our  seoondaiy  seria 
where  the  marls,  clays,  and  sands  are  as  imp^ectly  oonnfi- 
dated  as  the  tertiary  strata  of  Italy  in  general. 

They  who  have  been  inclined  to  associate  the  idea  of  the  mot 
stony  texture  of  stratified  deposits  with  a  comparatively  higbei 
antiquity,  should  consider  how  dissimilar,  in  this  respect,  sre 
the  tertiary  groups  of  London  and  Paris,  although  sd- 
mittcd  to  be  of  contemporaneous  date,  or  they  should  viflt 
Sicily  and  behold  a  soft  brown  marl,  identical  in  mineral  cht- 
ractcr  with  that  of  the  Subapennine  beds,  underlying  a  mass  of 
solid  and  regularly- stratified  limestone,  rivalling  the  chalk  of 
England  in  thickness.  This  Sicilian  marl  is  older  than  the 
superincumbent  limestone,  but  newer  than  the'Subapennine  marl 
of  the  north  of  Italy  ;  for  in  the  latter  the  extinct  shells  rather 
predominate  over  the  recent,  in  the  former  the  recent  pre- 
dominate almost  to  the  exclusion  of  the  extinct. 

We  shall  now  consider  more  particularly  the  characters  of 
those  Subapennine  beds  which  we  refer  to  the  older  Pliocene 
period. 

Subapennine  marh, — The  most  important  member  of  the 
Subapennine  formation  is  a  marl  which  varies  in  colour  from 
greyish  brown  to  blue.  It  is  very  aluminous,  and  usually 
contains  much  calcareous  matter  and  scales  of  mica.  It 
often  exhibits  no  lines  of  division  throughout  a  considerable 
thickness,  but  in  other  places  it  is  thinly  laminated.  Near 
Parma,  for  example,  I  have  counted  thirty  distinct  laminae  in 
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Ihe  thickness  of  an  inch.  In  some  of  the  hills  near  that  city 
ttte  marl  attains,  according  to  Signor  Guidotti,  a  thickness  of 
Burl;  2(XH>  feet,  and  is  charged  throughout  with  shells,  many 
rf  which  are  such  as  inhabit  a  deep  sea.  They  often  occur  in 
Ityers  in  such  a  manner  as  to  indicate  their  slow  ant)  gradual 
'Hceumulation.  They  are  not  flattened  but  are  filled  with  mar). 
Beds  of  lignite  are  sometimes  int<.'rstratif!ed,  as  at  Mcdesano, 
Ibtir  leagues  from  Parma  ;  subordinate  beds  of  gypsum  also 
«ccur  in  many  places,  as  at  Vigolano  and  Bargone.  in  the  ter- 
jritory  of  Farma,  where  they  are  in  t  erst  ratified  with  shelly  marl 
id  sand.  At  LeEignano,  in  the  Monte  Cerio,  the  sulphate 
of  lime  is  found  in  lenticular  crystals,  in  which  unaltered  shells 
sometimes  included.  Signor  Guidotti,  who  showed  me 
Bpecimens  of  this  gypsum,  remarked,  that  the  sulphuric  acid 
must  have  been  fully  saturated  with  lime  when  the  shells  were 
enveloped,  so  that  it  could  not  act  upon  the  shell.  According 
to  Brocchi,  the  marl  sometimes  passes  from  a  soft  and  pulveru- 
lent substance  into  acompact  limestone  *,  but  it  is  rarely  found 
in  this  solid  form.  It  is  also  occasionally  interstratified  with 
•andfitane. 

The  marl  constitutes  very  frequently  the  surface  of  the 
country,  having  no  covering  of  sand.  It  is  sometimes  seen 
reposing  immediately  on  the  Apennine  limestone;  more  rarely 
gravel  intervenes,  as  in  the  hilts  of  San  Quirico  f.  Volca- 
nic rocks  are  here  and  there  superimposed,  as  at  Radicofam, 
in  Tuscany,  where  a  hill  composed  of  marl,  with  some  few 
shells  interspersed,  is  capped  by  basalt.  Several  of  the  vol- 
canic luils  in  the  same  place  are  so  interstratified  with  the  marls 
as  to  show  that  the  eruptions  tiwk  place  in  the  sea  during  the 
older  Pliocene  period.  At  Acquapendcnle,  Viterbo,and  other 
places,  hills  of  the  same  formation  are  capped  with  trachytic 
lava,  and  with  tuffs  which  appear  evidently  to  have  been  sub- 
aqueous. 

Yellow   Sand. — The  other   member   of  the    Subapenninc 

group,  the  yellow  sand  and  conglomerate,  constitutes,  in  most 

•  Conch.  Fois.  SubBp.,  torn,  i,  p.  62,  f  Ibid.,  p.  TS. 
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of  tlic  places  where  I  have  seen  it,  a  border  formation  near  the 
junction  of  the  tertiary  and  secondary  rocks.  In  some  cases, 
as  near  the  town  of  Sienna,  we  see  sand  and  calcareous  gravel 
resting  immediately  on  tlic  Apennine  limestone,  without  the 
intervention  of  any  blue  marl.  Alteriiaiions  are  there  seen  of 
beds  containing  fluviatile  shells,  with  others  filled  exclusively 
with  marine  species ;  and  I  observed  oysters  attached  to  many 
of  the  pebbles  of  limestone.  'J'his  locality  appears  to  have 
been  a  point  where  a  river,  flowing  from  the  Apennines,  en- 
tered the  sea  in  which  the  tertiary  strata  were  formed. 

Between  Florence  and  Poggihoiisi,  in  Tuscany,  there  is  a 
great  range  of  conglomerate  of  the  Siibapennine  beds,  which  Je 
seen  for  eleven  miles  continuously  from  Casciano  to  the  south  of 
Barberino.  The  pebbles  are  chiefly  of  whitish  limestone  with 
some  sandstone.  On  receding  from  the  older  Apennine  rocks, 
tlie  conglomerate  passes  into  yellow  sand  and  sandstone,  with 
shells,  the  whole  overlying  blue  marl.  In  such  cases  we  may 
suppose  the  dehas  of  rivers  and  torrents  to  have  gained  upon  the 
bed  of  a  sea  where  bine  nnarl  had  previously  been  deposited. 

The  upper  arenaceous  group  above  described  sometimes 
passes  into  a  calcareous  sandstone,  as  at  San  Vignone.  It 
contains  lapidified  shells  more  frequently  than  the  marl,  owing 
probably  to  the  more  free  percolation  of  mineral  waters,  whicti 
often  dissolve  and  carry  away  the  original  com]X)nent  elements 
of  fossil  bodies  and  substitute  others  in  their  place.  In  some 
cases  the  shells  imbedded  in  this  group  are  siliclfied,  as  at  San 
Vitale,  near  Parma,  from  whence  I  saw  two  species,  one  fresh- 
water and  the  other  marine  (Limnea  palustris,  and  Cy  tliereaccm- 
centrica,  Lamk.),  both  recent  and  perfectly  converted  into  flint. 

On  the  other  hand,  tlie  shells  of  Monte  Mario,  near  Home, 
which  are  probably  referrible  to  the  same  formation,  arc 
changed  into  calcareous  spar,  the  form  being  preserved  not- 
withstanding the  crystallization  of  the  carbonate  of  lime. 

Mode  of  formation  of  lite  Subapenniite  beds. — The  tertiary 
strati^  above  described  have  resulted  from  the  waste  of  ihe 
secondary  rocks  which  now  form  the  Apennines,  and  which 
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*^  become  dry  land  before  the  older  Pliocene  beds  were 
iled.  In  the  territory  of  Placentia  we  have  an  oppor- 
'**i^of  observing  the  kind  of  sediment  which  the  rivers  are 
**  bringing  down  from  the  Apennines.  The  teriiary  marl 
'  that  district  being  too  calcareous  to  be  used  for  bricks  or 
^'Htery,  a  substitute  is  obtained,  by  conveying  into  tanks  the 
*'l»'bid  waters  of  the  rivers  Braganza,  Parma,  Taro  and  Enza. 
-*ii  the  course  of  a  year  a  deposit  of  brown  clay,  much  re- 
Sfnibh'ng  some  of  the  Suba^iennine  marl,  is  procured,  several 
fret  in  thickness,  divided  into  thin  lamineeof  diETerent  shades 
of  colour. 

In  regard  to  the  sand  and  gravel,  we  see  yellow  sand 
thrown  down  by  the  Tiber  near  Rome,  and  by  the  Arno, 
ftt  Florence.  The  northern  part  of  the  Apennines  consists 
of  a  grey  micaceous  sandstone  with  an  argillaceous  base, 
mltemating  with  shale,  from  the  degradation  of  which  brown 
clay  and  sand  would  result.  If  a  river  flow  through  such 
strata,  and  some  one  of  its  tributaries  drains  the  ordinary 
limestone  of  the  Apennines,  the  clay  will  become  marly  by  the 
intermixture  of  calcareous  matter.  The  sand  is  frequently 
yellow  from  being  stained  by  oxide  of  iron,  but  this  colour  is 
by  no  means  constant. 

The  similarity  in  composition  of  the  tertiary  strata  in  the 
basins  of  the  Po,  Amo,  and  Tiber,  is  merely  such  as  might  be 
expected  to  arise  from  their  having  been  all  derived  from  the 
disintegration  of  the  same  continuous  chain  of  secondary  rocks. 
But  it  does  not  follow  that  the  latter  rocKs  were  all  upheaved 
and  exposed  to  di-'gradation  at  the  same  time.  The  corre- 
spondence of  the  tertiary  groups  consists  in  their  being  all  alike 
composed  of  marl,  clay,  and  sand  ;  but  wc  might  say  the  same 
of  the  London  and  Hampshire  basins,  although  the  English 
and  Italian  groups,  thus  compared,  belong  nearly  to  the  two 
opposite  exiremea  of  the  tertiary  series. 

The  similarity  in  mineral  character  of  the  lacustrine  de- 
posit of  the  Upper  Val  d'Arno,  and  the  marine  Subapennine 
hills  of  northern  Italy,  ought,  we  think,  to  serve  as  a  caution 
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to  the  geologist,  not  to  infer  too  hastily  a  cantemponnioQi 
origin  from  identity  of  mineral  oompositioii.  The  depontrf 
the  Upper  Val  d' Amo  occurs  nearly  at  the  bottom  of  a  iuf 
narrow  valley,  which  is  surrounded  by  precipitous  voduof 
secondary  sandstone  and  shale  (the  madgoo  of  the  ItaKansiBd 
greywacke  of  the  Germans).  Hilla  of  yellow  sand,  of  coa- 
siderable  thickness,  appear  around  the  margin  of  the  ohB 
basin,  while,  towards  the  central  parts^  where  there  has  hm 
considerable  denudation^  and  where  the  Arao  flow8»  Uue  dq 
is  seen  underlying  the  yellow  sand.  The  sheila  are  of  fi»b- 
water  origin^  but  we  shall  speak  more  particularly  of  thai 
when  we  discuss  the  probable  age  of  this  formation  in  the 
sixteenth  chapter.  We  desire,  at  present,  to  call  the  ieader*i 
attention  to  the  fact,  that  we  have  here,  in  an  isolated  biui| 
such  a  formation  as  would  result  from  the  waste  of  the  conti- 
guous secondary  rocks  of  the  Apennines^  fragments  of  whidi 
rocks  are  found  in  the  sand  and  conglomerate.  We  should  ex- 
pect that  if  the  freshwater  beds  were  removed^  and  the  barrier 
of  the  lake-basin  closed  up  again,  similar  sediment  would  be 
again  deposited,  for  the  aqueous  agents  would  operate  in  the 
same  manner,  at  whatever  period  they  might  be  in  activity. 
Now,  the  only  difference,  in  mineral  composition,  between  the 
lacustrine  deposit  above  alluded  to,  and  the  ordinary  marine 
strata  of  the  Subapennine  beds,  conasts  in  the  absence  of  cal- 
careous matter  from  the  day,  the  torrents  flowing  into  the  lake 
having  passed  over  no  limestone  rocks. 

The  lithological  character  of  the  Subapennine  beds  varies  in 
different  parts  of  the  peninsula  both  in  colour  and  degree  of  soli- 
dity. The  presence,  also,  or  absence  of  lignite  and  gypsum,  and 
the  association  or  non-association  of  volcanic  rocks,  are  causes 
of  great  local  discrepancy.  The  superpoution  of  the  sand  and 
conglomerate  to  the  marl,  on  the  other  hand,  is  a  general  point 
of  agreement,  although  there  are  exceptions  to  the  rule,  as  at 
San  Quirico  before  mentioned.  The  cause  of  this  arrangement 
may  be,  as  we  before  hinted,  that  the  arenaceous  groups  were 
first  formed  on  the  coast  where  rivers  entered}  and   when 


Tb.Xn.}  OltahHK  RBUAINfl  OF  SCBAPENNtNES.  163 

^ese  pushed  their  deltas  Tartlicr  out,  they  threw  dowD  the 
■and  upon  part  of  the  bed  of  the  sea  already  occupied  by  finer 
and  more  transportable  mud. 

Organic  IttTnains. — I  have  been  informed,  by  experienced 
colleclors  of  the  Subapeniiine  fossils,  that  they  invariably  pro- 
oure  the  greatest  number  in  those  winters  when  the  rains  are 
Bkoet  abundant,  an  annual  crop,  as  it  were, being  washed  out  of 
Ibc  soil  to  replace  those  which  the  action  of  moisture,  frost, 
aad  the  rays  of  the  sun,  soon  reduce  to  dust  upon  the  surface. 

Tlie  shells  in  general  are  sufi  when  first  taken  from  the  marl, 
but  they  become  hard  when  dried.  The  superficial  enamel 
is  often  well  preserved,  and  many  shells  retain  tJieir  pearly 
lustre,  and  even  part  of  their  external  colour,  and  the  ligament 
which  unites  the  valves.  Nu  shells  are  more  usually  perfect 
tlian  the  microscopic,  which  abound  near  Sienna,  where  more 
than  ■  tliousand  full-grown  individuals  are  sometimes  poured 
out  of  the  interior  of  a  single  univalve  of  moderate  dimensions. 
In  some  large  tracts  of  yellow  sand  it  is  impossible  to  detect  a 
single  fossil,  while  in  other  places  they  occur  in  profusion. 

The  Subapenninc  tesiacea  are  referrlble  to  species  and  fami- 
lies of  wbidi  ihe  habits  are  extremely  diversified,  some  living 
in  deep,  others  in  shallow  water,  some  in  rivers  or  at  their 
mouths.  I  have  seen  a  specimen  of  a  fresh-water  univalve 
(Limnca  pahistris),  taken  from  the  blue  marl  near  Parma,  full 
of  small  marine  shells.  It  may  have  been  floated  down  by  the 
sune  causes  which  carried  wood  and  leaves  into  the  ancient  sea. 

Blocks  of  Apennine  limestone  ^re  found  in  this  formation 
drilled  by  lithodomuus  shells.  The  remains  nut  only  of  tes- 
tacea  and  corals,  but  of  fishes  and  crabs,  are  met  with,  as  also 
those  of  cetacea,  and  even  of  terrestrial  quadrupeds. 

A  considerable  list  of  manimiferous  species  has  been  given 
by  Brocchi  and  some  other  writers;  and,  although  several 
mistakes  have  been  matle,  and  the  bones  of  cetacea  have  some- 
times been  confounded  with  those  of  land  animals,  it  is  still 
indubitable  that  the  latter  were  carried  down  into  the  sea  when 
I  the  Subapeoniue  sand  aud  marl  were  accumulated.  The  same 
k  M  2 
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causes  which  drifted  skeletons  into  lakes,  such  as  that  d  the 
upper  Val  d'Amo,  may  have  carried  down  others  into  fifths  or 
bays  of  the  sea.  The  femur  of  an  elephant  has  been  diantoved 
with  oysters  attached  to  it,  showing  that  it  remained  for  sow 
time  exposed  after  it  was  drifted  into  the  sea. 

Strata  at  the  base  of  the  Maritime  Alps. — If  we  pass  fm 
the  Italian  peninsula,  and,  following  the  borders  of  the  He£- 
terranean,   examine  the  tertiary  strata  at   the  foot  of  tk 
Maritime  Alps,   we  find  formations  agreeing   in   zoobg^ 
characters  with  the  Subapennine  beds,  and  presenting  manj 
points  of  analogy  in  their  mineral  composition.     The  Alps,  it  ii 
well  known,  terminate  abruptly  in  the  sea,  between  Genoa  ind 
Nice,  and  the  steep  declivities  of  that  bold  coast  are  oontinuoai 
below  the  waters,  so  that  a  depth  of  many  hundred  fathoms  is 
often  found  within  stoneVthrow  of  the    beach.     Exoeptioiis 
occur  only  where  streams  and  torrents  enter  the  sea,  and  at 
these  points   there  is  always  a  low   level   tract,  intarveoing 
between  the  mouth  of  the  stream  and  the  precipitous  escarp- 
ment of  the  mountains. 

In  travelling  from  France  to  Grenoa,  by  the  new  coast-road, 
wc  are  principally  conveyed  along  a  ledge  excavated  out  of  the 
side  of  a  steep  slope  or  precipice,  in  the  same  manner  as  on 
the  roads  which  traverse  the  great  interior  passes  of  the  Alps, 
such  as  the  Simplon  and  Mont  Ccnis,  the  difference  being 
that,  in  this  case,  the  traveller  has  always  the  sea  below  him, 
instead  of  a  river.  But  we  are  obliged  occasionally  to  descend 
by  a  zig-zag  course  into  those  low  plains  before  alluded  to, 
which,  when  viewed  from  above,  have  the  appearance  of  bays 
deserted  by  the  sea.  They  are  surrounded  on  three  sides  by 
rocky  eminences,  and  the  fourth  is  open  to  the  sea. 

These  leading  features  in  the  physical  geography  of  the 
country  are  intimately  connected  with  its  geological  structure. 
The  rocks  composing  the  Alpine  declivities  consist  partly  of 
primary  formations,  but  more  generally  of  secondary,  which 
have  undergone  immense  disturbance ;  but  when  we  examine 
the  low  tracts  before-mentioned,  we  find  the  surface  covered 
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^great  beds  of  gravel  and  sand,  such  as  are  now  annually 

Imught  down  by  torrents  and  streams  in  the  winter,  and  which 
an  spread  in  such  quantity  over  the  wide  and  shifting  river- 
duonels  as  to  render  the  roads  for  a  season  impassable.  The 
first  idea  which  naturally  suggests  itself,  on  viewing  tliese  plains, 
is  to  imagine  them  to  be  deltas  or  spaces  converted  into  land  by 
the  accumulated  sand  and  gravel  brought  down  from  the  Alps 
by  rivers.  But,  on  closer  inspection,  we  find  that  the  apparent 
lowDess  of  the  plains,  which  at  first  glance  might  be  supposed 
to  be  only  just  raised  above  tlie  level  of  the  sea,  is  a  deception 
produced  by  contrast.  The  Alps  rise  suddenly  to  the  height 
of  several  thousand  feet  with  a.  bold  and  precipitous  outline, 
while  the  country  below  is  composed  of  horizontal  strata,  which 
have  either  a  flat  or  gently-undulating  surface.  These  strata 
consist  of  gravel,  sand,  and  marl,  filled  with  marine  shells. 
TTiey  are  considerably  elevaled,  attaining  sometimes  the  height 
of  200  feet,  or  even  more,  above  the  level  of  the  sea;  there 
must,  therefore,  have  been  a  rise  of  the  coast  since  they  were 
deposited,  and  they  arc  not  mere  deltas  or  spaces  reclaimed 
from  the  sea  by  rivers.  Why,  then,  arc  the  strata  found  only 
at  the  points  where  rivers  enter  ? 

We  must  imagine  that,  after  the  coast  had  nearly  acquired 
its  present  configuration,  the  streams  which  flowed  down  into 
the  Mediterranean  produced  shoals  op]X)site  their  mouths  by 
the  continual  drifting  in  of  gravel,  sand,  and  mud.  The  Alps 
were  afterwards  raised  to  a  sufficient  height  to  cause  tliese  shoals 
to  become  land,  while  no  perceptible  alteration  was  produced 
on  inten-ening  parts  of  the  coast,  where  the  sea  was  of  great 
depth  near  the  shore. 

The  disturbing  force  appears  to  have  acted  very  irregularly, 
and  to  have  produced  the  least  elevation  towards  the  eastern 
extremity  of  the  Maritime  Alps,  and  a  greater  amount  as  we 
proceed  westward.  Thus  we  find  the  marine  tertiary  strata 
attaining  the  height  of  about  100  feet  at  Genoa,  2tHl  and  300 
feet  farther  westward,  at  Albenga,  and  800  or  iKXI  feet  in  lb''  ' 
neighbourhood  of  Nicii 
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[Ch.  III.  J 

!ue  marlH  ^ 


Genoa. — At  Genoa  the  tertiary  strata  consist  of  blue  marlH 
like   those  of  the   northern    Subapennines,  and   contain   the^ 
same  shells.     On  the  immediate  site  of  the   town  they  rise-=s 

to  the  height  of  only  20  feet  above  the  sea,  but  tliey  reach ; 

about  80  feet  in  some  parts  of  the  suburbs.      At  the  basaa* 
of  a  mountain  not  far  from  the  suburbs  there  is  an  i 
Monte  d'OriglnE.  No,  28. 


a.  Ancient  sea-beacli.  t,  Blue  marl  with  ihelb. 

C,  Inclined  eecondsry  ilrata  of  londstone,  ihale,  Sic. 

beach,  strewed  with  rounded  blocks  of  Alpine  roclcs,  some  of 
which  are  drilled  by  the  Modiola  lUhopbaga,  Lamk.,  the 
whole  cemenied  into  a  conglomerate*,  which  marks  the  ancient 
sea-beach  at  the  height  of  100  feet  above  the  present  sea. 

Savona. — At  Savona,  proceeding  westwards,  we  find  depoats 
of  blue  marllikellioseof  Genoa,  and  occupying  a  corresponding 
geological  position  at  the  base  of  the  mountains  near  the  sea, 
The  shells,  collected  from  these  marls  by  Mr.  Miircliison  and 
myself,  in  1S28,  were  examined  by  Signor  Bonclli,  of  Turin, 
and  found  to  agree  with  Subapennine  fossils. 

Alhenga. — At  Albcnga  these  formations  occupy  a  more  ex- 
tensive tract,  forming  the  plains  around  that  town  and  the  lot 
hills  of  the  neighbourhood,  which  reach  in  some  spots  ao 
elevation  of  300  feet.  The  encircling  mounlnins  recalled  to 
my  mind  those  which  bound  the  plain  and  bay  of  Palermo,  and 

•  I  have  to  aclmowledgB  Iho  nsaistaiice  ot  Prufeiior  Viviani  and  Dr.  Saaa 
who  called  m;  altentiDD  to  Uieie  phenoouniL  vhca  I  Tisited  Genoa  in  Jan.  Itffi 
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Other  bays  of  the  Mediterranean,  which  arc  surrounded  by 
bold  rocky  coasts. 

The  general  resemblance  of  the  Albenga  strata  to  the 
Subapennine  beds  is  very  striking,  the  lowest  division  consisting 
of  blue  marl,  which  is  covered  by  sand  and  yellow  clay,  and 
ihe  highest  by  a  mass  of  stratified  shingle,  sotnetimes  consoli- 
dated into  a  conglomerate.  Dr.  Sasso  has  collected  about  200 
Bpecies  of  shells  from  these  beds,  and  it  appears,  by  his 
catalogue,  that  they  agree,  for  the  most  part,  witii  the  northern 
Subapennioe  fossils,  more  than  halfof  ihem  belonging  to  recent 
species*. 

Nice. — At  Nice  the  tertiary  strata  are  upraised  to  a  much 
greater  height,  but  they  may  still  be  said  to  lie  at  the  base  of 
the  Alps  which  tower  above  them.  Here,  also,  they  consist 
principally  of  blue  marl  and  yellow  sand,  which  appear  to 
have  been  deposited  in  submarine  valleys  previously  existing  in 
the  inclined  secondary  strata.  In  one  district,  a  few  miles  to 
the  west  of  Nice,  the  tertiary  beds  are  almost  exclusively  com- 
posed of  conglomerate,  from  the  point  of  their  junction  with 
the  secondary  siraia  to  the  sea. 

The  river  Magnan  flows  in  a  deep  valley  which  terminates 
at  its  upper  extremity  in  a  narrow  ravine.     Nearly  vertical 

UoDte  Cnlvo.  Ne.  29. 


BteHnfrvm  Monle  Cahv  la  lit  irabp  thev^Hg  n/ifaf «■•,  nriir  A'lft. 
A,  Dolgmite  snd  saiulsloiie.     (Qreen-Eanil  formation  P) 
D,  h,  d,  Beds  of  graiel  and  aaml. 
r,  Fine  mail  and  land  of  St.  Madeleiac. 

■  Gioranle  IiiguiUm,  Genoa,  1827. 
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precipices  are  laid  open  on  each  side,  varying  from  200  to  GOO  li:^ 
feet  in  height,  and  composed  of  inclined  beds  of  shingle,  «■»-  ^^ 
times  separated  by  layers  of  sand,  and  more  nudy  I^Uk 
micaceous  marl.     The  pebbles  in  these  stratified  shingks  apn 
in  composition  with  those  now  brought  down  from  theAlpiIif 
the  Var  and  other  rivers  on  this  coast. 

The  dip  of  the  strata  is  remarkably  uniform,  being  aliqi 
southwards,  or  towards  the  Mediterranean,  at  an  ang^ot 
about  25^.     In  summer,  when  the  bed  of  the  river  is  dried  op^ 
the  geologist  has  a  good  opportunity  of  examining  a  sectioaof 
the  strata,  as  the  channel  crosses  for  many  miles  the  line  of 
bearing  of  the  beds,  which  may  be  traced  to  the  base  of  Monte 
Calvo,  a  distance  of  about  nine  miles  in  a  straight  line  bm 
the  Mediterranean  *.     It  is  usually  impossible  to  detormiiie 
the  exact  age  of  such  accumulations  of  sand  and  gravel,  in  coo- 
sequonce  of  the  total  absence  of  organic  remains*     Thdr  non- 
existence may  depend  chiefly  on  the  disturbed  state  of  the 
waters,  where  great  beds  of  shingle  are  formed,  whidi  are 
known  to  prevent  testacea  and  fishes  from  living  in  Alpine  tor- 
rents, partly  on  the  destruction  of  shells  by  the  same  friction 
which  rounded  the  pebbles,  and  partly  on  the  permeability  of 
the  matrix  to  water,  virhich  may  carry  away  the  elements  of  the 
decomposing  fossil  body,  and  substitute  no  others  in  their  place 
which  might  retain  a  cast  of  their  form. 

But  it  fortunately  happens,  in  this  instance,  that  in  some 
few  seams  of  loamy  marl,  intervening  between  the  pebble-beds, 
and  near  the  middle  of  the  section,  shells  have  been  preserved  in 
a  very  perfect  state  of  preservation,  and  these  may  furnish  a 
zoological  date  to  the  whole  mass.  The  principal  of  these 
interstratified  masses  of  loam  occurs  near  the  church  of  St. 
Madeleine  (at  c,  diagram  No.  29),  where  the  active  researches 
of  M.  Risso  have  brought  to  light  a  great  number  of  shells 
which  agree  perfectly  with  the  species  found  in  much  greater 
abundance  at  a  spot  called  La  Trinit^,  and  some  other  locali- 

*  I  examined  this  ftection  in  company  with  Atr.  Murchison  in  1828. 
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to  nearer  to  Nice.     From  these  fossils  it  clearly  appears  that 
the  formation  belongs  to  the  older  Pliocene  era. 

Such  alternations  of  gravel  and  tlie  usual  thin  layers  of  fine 
■diment  may  easily  be  explained,  if  vc  reflect  that  the  rivers 
itow  flowing  from  the  Maritime  Alps  arc  nearly  dried  up  in 
■timincr,  and  have  only  strength  to  drift  along  fine  mud  to  the 
;  whereas,  in  winter,  or  on  ihe  melting  of  the  snow,  they 
roll  along  large  quantities  of  pebbles.  The  thicker  masses  of 
n,  such  as  that  of  St.  Madeleine,  may  have  been  produced 
during  a  longer  inlenal,  when  the  river  shifted  for  a  lime  the 
direction  of  its  principal  channel  of  discharge,  so  that  nothing 
but  fine  mud  was  for  a  series  of  years  conveyed  to  that  point  in 
the  bed  of  the  sea  opposite  the  delta. 

Uniform  and  continuous  as  the  strata  appear,  on  a  general 
view,  in  the  ravine  of  the  Magnan,  we  discover,  if  we  attempt 
to  (race  any  one  of  them  for  some  distance,  that  they  thin  out 
and  are  wedge-shaped.  We  believe  that  they  were  thrown 
down  originally  upon  a  steep  slanting  bank  or  talus,  which 
advanced  gradually  from  the  base  of  Monte  CbIvo  to  the  sea. 
The  distance  between  these  points  is,  as  we  have  before  men- 
tioned, about  nine  miles,  so  that  the  accumulation  of  superim- 
posed strata  would  be  a  great  many  miles  in  thickness,  if  they 
were  placed  liorizontally  upon  one  another.  The  strata  nearest 
to  Monte  Calvo,  wliich  may  be  expressed  by  a,  are  certainly 
older  than  those  at  b,  and  the  group  b  was  formed  before  c. 
The  a^regale  thickness,  in  any  one  place,  cannot  be  proved 
to  amount  to  1000  feet,  although  it  may,  perhaps,  be  much 
^eater.  But  it  may  never  exceed  three  or  four  thousand 
feet ;  whereas,  if  we  did  not  suppose  that  the  beds  were  origi- 
nally deposited  in  an  inclined  position,  we  should  be  forced  to 
imagine  that  a  sea,  many  miles  in  depth,  had  been  filled  up  by 
horizontal  strata  of  pebbles  thrown  down  one  upon  another. 

At  no  great  distance  on  this  coast  the  Var  is  annually  seen 
to  sweep  down  into  the  sea  a  large  quantity  of  gravel,  which 
may  be  spread  out  by  the  waves  and  currents  over  a  consider- 
able space.     The  sea  at  the  mouth  of  this  river  is  now  shallow. 
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but  it  maj  originally  have  been  3000  feet  deep,  as  it  knt 
close  to  the  shore  at  Nice.  Here,  therefore,  a  formatiaD  wm 
bling  that  of  the  Magnan  above  described  maj  be  in  progm. 

The  time  required  for  the  accumulation  c^  such  a  him  4 
conglomerate  as  we  have  just  oonsidered  must  be  immenK*.  n 
what  ground  such  formations  have  been  frequently  reftmdli 
diluvial  waves  and  to  periods  of  great  disturbanoey  we  eoril 
never  understand,  for  the  causes  now  in  diurnal  action  H  Al 
foot  of  the  Maritime  Alps  and  other  analogous  situatioiii  mi 
to  us  quite  sufficient  to  explain  their  origin. 

Tertiary  strata  at  the  eastern  extremity  of  the  Pynmm^ 
We  shall  conclude  this  chapter  with  one  more  example  dcriwd 
from  a  region  not  far  distant*    On  the  borders  of  the  Mcdit» 
ranean  at  the  eastern  extremity  of  the  Pyrenees,  in  Che  Sooth 
of  France^  a  considerable  thickness  of  tertiary  strata  are  m 
in  the  valleys  of  the  rivers  Tech>  Tet,  and  61y.     They  hm 
much  resemblance  to  those  already  described^  consisting  pardy 
of  a  great  thickness  of  conglomerate,  and  partly  of  day  and 
sand,  with  subordinate  beds  of  lignite.     They  abut  against  the 
primary  formation  of  the  Pyrenees,   which  here  consists  d 
mica- schist.     Between  Ceret  and  Boulon  these  tertiary  strata - 
are  seen  inclined  at  an  angle  of  between  20^  and  30^.     The 
shells  which  I  procured  from  several  localities  were  recognized 
by  M.  Deshayes  as  agreeing  with  Subapennine  fossils. 

Spain  —  Morea,  —  It  appears  from  the  recent  observations 
of  Colonel  Silvertop^  that  marine  strata  of  the  older  Pliooene 
period  occur  in  patches  at  Malaga,  and  in  Granada,  in  Spain. 
They  have  also  been  discovered  by  MM.  Boblaye  and  Virlet 
in  the  Morea^  and  the  names  of  many  of  the  shells  brought 
from  thence  are  given  in  the  Appendix  No.  I. 
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t  Norfulk  ami  SuOulk— Sboan  by  iU  Tossil  conlenli  (o  belong;  to  the  oUm 

tt  period — HeU'[ogenvou9  in  its  compoaition — Supciincumbent  lacuslrina 

-ScUlife  poiilioo  of  (he  crag — Furm»  of  sltatificatioo — SlralR  cora- 

ri»f  RTOUpi  of  oblique  layers — Caiue  dF  lhi>  Birani^aiwat — Dislimliuiii  in 

g  ptadiica}*by  (ublemineui  mdvenieDli— Protrndtnl  mauei  of  chalk — 

iBiiae  crag  into  uiUuiium — Recent  shelli  in  a  depoait  at  ShepjMy, 

id  Brightun. 

CRAG  OF  NORFOLK  AND  SUFFOLK. 
I  dder  Pliocene  strata,  described  in  the  last  cliapter,  are  all 
I  counlries  bordering  the  Mediterranean,  but  we 
ftball  now  consider  a  group  in  our  own  island,  which  belongs  to 
(he  same  era.  We  have  already  alluded  to  this  deposit  under 
the  provindal  name  of  crag  *,  and  pointed  out  its  superposition 
to  flie  London  clay,  a  tertiary  formation  of  much  higher  anti- 
quity +.  The  crag  is  chiefly  developed  in  the  eastern  parts  of 
Norfolk  and  Suffolk,  from  whence  it  extends  into  Essex. 

Il>  relaiive  ar/e. — A  collection  of  the  slieils  of  the  '  crag' 
beda,  which  I  formed  in  1829,  together  with  a  much  larger 
number  sent  me  by  my  friend,  Mr.  Mantell  of  Lewes,  were 
CBrefully  examined  by  M.  Dtshayes,  and  compared  lo  the 
tertiary  species  in  his  cabinet.  This  comparison  gave  the 
ft^onbig  resuh :  out  of  HI  speries,  66  were  extinct  or  un- 
known, and  45  recent,  the  last,  with  one  exception  (Voluta 
LambeTfi,  Sow.),  being  now  inhabitants  of  the  German  ocean. 
Such  being  the  proportion  of  recent  and  extinct  species,  we  may 
conclude,  according  to  the  rules  before  laid  down  ^,  that  the 
a»g  belongs  to  the  older  Pliocene  period. 

Mineral  composition. — So  heterogeneous  is  this  deposit  in 
mineral  character,  that  we  can  scarcely  convey  any  correct  no- 
tions of  its  appearance,  without  describing  the  beds  separately 
in  the  different  localities  where  they  occur.  In  general,  they 
^'Ch>p.  iLp.  19.  t  SeeaboTe,  Diagram  No. 4,  p.  21,  ;  Page  a ; 
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consist  of  sand,  gniyel^  and  Uue  <ir  brown  maxt-^  MhP*  °  ^ 
imbedded  in  the  sand  and  marl  being*  for  the  most  psrt,Uft 
and  sometimes  finely  comminuted*    In  a  few  spots  we  ial  A| 
deposit  in  the  form  of  a  soft  stratified  rock,  composed  dboAw^ 
entirely  of  corals,  sponges,  and  echini^,  an  assemUip 4^"^ 
species  which  probably  lived  in  a  tranquil  sea  of  some  itj/k 
In  other  parts  of  our  coast  it  oonsbts  of  altematkiDSQ(«l 
and  shingle,  destitute  of  organic  remains,  and  more  thn  91 
feet  in  thickness,  as  in  the  Suffolk  diffs,  between  Dunwidbal 
Yarmouth.     In  others,  we  meet  with  an  enormous  man,n» 
than  300  feet  in  thickness,  of  sand,  loam,  and  clay,  oontttini 
bones  of  terrestrial  quadrupeds  and  dnft  wood,  sometimes  ta- 
tified  regularly,  at  others  conasting  of  a  confused  hesp  d 
rubbish,  in  which  fragments  of  the  chalk  and  its  flints  are  in- 
bedded  in  a  chalky  marl. 

In  this  aggr^ate  are  also  found  many  fragments  of  olds 
rocks,  the  septaria  of  the  London  day,  togetber  with  ammo- 
nites, vertebrae  of  ichthyosauri,  and  other  fossils  from  parts  of 
the  oolitic  series.  It  has  been  questioned  whether  all  the 
above-mentioned  beds  can  be  considered  as  belonging  to  the 
same  era.  The  subject  may  admit  of  doubt,  but  after  exa- 
mining, in  1829,  the  whole  line  of  coast  of  Essex,  Suffolk,  and 
Norfolk,  I  found  it  impossible  to  draw  any  line  of  separatioo 
between  the  different  groups.  Each  seemed  in  its  turn  to  pass 
into  another,  and  those  masses  which  approach  in  character  to 
alluvium,  and  contain  the  remains  of  terrestrial  quadrupeds^ 
are  occasionally  intermixed  with  the  strata  of  the  crag. 

There  are,  however,  lacustrine  deposits  overlying  the  cnig, 
which  probably  bebng  to  a  distinct  zoological  period.  These 
are  found  in  small  cavities,  which  must  have  existed  on  the 
surface  of  the  crag  after  its  elevation,  and  which  formed  small 
lakes  or  ponds  wherein  recent  fresh-water  testacea  were  in- 
cluded in  loamy  strata.     (See  wood-cut.  No.  30,  c.) 

Relative  position, — The  crag  is  seen  to  rest  on  the  chalk  and 
on  the  London  clay,  but  usually  on  the  former.     The  strata 

*  R.  Taylor,  GeoKof  Et^  Norfolk. 
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I  great  part  liortzontal,  or  slightly  undulating ;  but  at 

t  points  they  are  much  disturbed,  especially  wliere  several 

ites  of  chalk  appear  to  have  been  protruded  from  below. 

e  annexed  section  may  give  a  general  idea  of  the  manner 

ich  the  crag  may  be  supposed  lo  rest  on  the  chalk  as  we 

*  from  the  Norfolk  cUfFs,  at  Trimmingliani,  into  the  interior^ 

e  the  country  rises  gradually. 


D,  Tniamiagliam  b«>caa. 


■,  Lmcuilrine  ilepoirit. 

at  uDd  lii^her  paiU  af  Norfolk*. 


The  outline  of  the  surface  of  the  subjacent  chalk,  in  this 
section,  is  imaginary,  but  is  such  as  might  explain  the  relations 
of  those  protruded  masses,  three  of  which  appear  in  the  cHffa 
near  Trimmingham,  and  which  some  geologisis  have  too  hastily 
assumed  to  be  unconnected  with  the  great  massof  chalk  below. 
We  shall  treat  of  these  presently,  when  wg  describe  the  dis- 
turbances which  the  crag  appears  to  have  suffered  since  lis 
original  deposition. 

In  the  interior,  at  e,  there  is  a  thick  covering  of  sand  and 
gravel  upon  the  chalk,  having  the  characters  of  an  alluvium, 
partly,  perhaps,  marine,  and  partly  terrestrial,  and  which  seems 
to  pass  gradually  in  this  district  into  the  regular  marine  strata 
of  I  he  crng, 

Fomu  of  III  ratification. — In  almost  every  formation  the  in- 
dividual strata  are  rarely  persistent  for  a  great  distance,  the 
superior  and  inferior  planes  being  seldom  precisely  parallel  to 
each  other ;  and  if  the  materials  are  very  coarse,  the  beds  often 
thin  out  if  we  trace  them  for  a  few  hundred  yards.  There  are 
oln  many  cases  where  all  the  layers  are  oblique  to  the  general   i 

■  This  wclian  ii  compiled  piiocipiilly  fiom  oiw  liy  Mr.  Uiirchiian,  tbt  olhcn  is 

thii  chnpler  nee  from  drswiagB  by  the  Author. 
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direction  of  tlie  strata,  and  the  crag  affords  most  interesting 
illustrations  of  this  phenomenon. 

In  the  scacliff  near  Walton,  in  Suffolk,  opposite  the  Mar- 
tello  Tower,  called  r,  the  section  represented  in  the  annexed 
diagram  ia  seen.     The  vertical  height  ia  about  20  feet. 


Nan  D/  tXiSIr  trag  mar  Walton,  SitfolJi. 


* 


the  beds  consist  alternately  of  sets  of  inclined  and  horizontal 
layers  of  sand  and  comminuted  shells.  The  sand  is  sihceous 
and  of  a  ferruginous  colour,  but  the  layers  are  sometimes  made 
up  of  small  plates  of  bivalve  shells,  arranged  with  their  flat 
sides  parallel  to  the  plane  of  each  layer,  like  mica  in  micaceous 
sandstones. 

The  number  of  laminas  in  the  thickness  of  an  inch,  both  in 
the  siliceous  and  shelly  sand,  varies  from  seven  to  ten  in  num- 
ber, so  that  it  is  impossible  to  express  them  all  in  the  diagram. 
The  height  of  the  uppermost  stratum  is.  in  this  instance,  re- 
markable, as  it  extends  lo  twelve  feet.  The  inclination  of  the 
laminse  is  about  30° ;  but  in  the  cliffs  of  Bawdesey,  to  the 
eastward,  they  are  sometimes  inclined  at  an  angle  of  45°,  and 
eten  more. 

No.  31. 


I 


StclbmallheUehl'" 


Pebbles  of  rhalk  fllut,  and  of  rolled  pieces  of  while  chiJk. 
Loam  OTerlj-inf- 0.  c,  c,  Bluettadbrowp  clay,  J 
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Xbis  diagonal  arrangement  of  tlie  layers,  sometimes  called 
*  fal»e  stralificHtion,*  ia  not  confined  to  deposits  of  fine  sand  and 
oxnminuted  shells,  for  we  find  beds  of  shingle  disposed  in  the 
•ame  manner  as  is  seen  in  the  annexed  section  (No.  32). 

The  direction  of  the  dip  of  the  inclined  layers,  throughout 
the  SiifTolk  coast,  is  so  uniformly  to  the  south,  that  I  only  saw 
two  or  three  instances  of  a  contrary  nature,  where  the  inclina- 
laoa  was  northerly.  One  of  the  best  exam  pies  of  this  variation 
is  exhibited  in  a  cUff  between  Mismer  and  Dunwich,  wood-cut 
No.  33,  In  this  case,  there  are  about  six  layers  in  the  thick- 
aess  of  an  inch,  and  the  part  of  the  cliff  represented  is  about 
aix  feet  high. 

No.  33. 


irUQH  mni,  thttvlHg  the  iivliaittian 

Another  example  may  be  seen  near  Walton,  where  the  layers, 
which  are  of  extreme  tenuity,  consist  of  ferruginous  sand, 
bronn  loam,  and  comminuted  shells.  It  is  not  uncommon  to 
6nd  in  this  manner  sets  of  perfectly  horizontal  strata  resting 
upon  and  covered  by  groups  of  wavy  and  transverse  layers. 


The  appearances  exhibited  in  the  diagrams  are  not  peculiar 
to  the  crag,  and  I  have  seen  sand  and  pebble-beds  of  all  ages, 
including  the  old  red  sandstone,  greywacke,  and  clay-slote, 
exhibit  tlie  same  arrangement, 
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Wlicn  we  inquire  into  tlie  causes  of  such  a  disposition  of  tlie 
*"■  ''*■  materials  of  each  bed  or  group  of  lay- 

ers, we  may,  in  the  first  place,  remark, 
that  however  numerous  may  hethesuc- 
cessive  layers  a,  b,  c,  the  layer  a  must 
have  been  deposited  before  b,  6  before  c,  and  so  of  the  rest. 

We  must  suppose  that  each  thin  seam  was  thrown  down  on 
a  slope,  and  that  it  conformed  itself  to  the  side  of  the  steep 
banli,  just  as  we  sec  the  materials  of  a  talus  arrange  themsclvea 
at  the  foot  of  a  clifF  when  they  have  been  cast  down  successively 
from  above.  If  the  transverse  layers  are  cut  off  by  a  nearly 
horizontal  line,  as  in  many  of  the  above  sections,  it  may  arise 
from  the  denuding  action  of  a  wave  which  has  carried  away  the 
upper  portion  of  a  submarine  bank  and  truncated  the  layers  of 
which  it  was  composed.  But  I  do  not  conceive  this  hypothesis 
to  be  necessary ;  for  if  a  bank  have  a  steep  side,  it  may  grow  by 
the  successive  apposition  of  thin  strata  thrown  down  upon  its 
slanting  side,  and  the  removal  of  matter  from  the  top  may  pro- 
ceed simultaneously  with  its  lateral  extension.  The  same  current  • 
may  borrow  from  tlie  top  what  it  gives  to  the  sides,  a  mode  of 
formation  which  I  had  lately  an  opportunity  of  observing  on  the 
rippled  surface  of  the  hills  of  blown  sand  near  Calais.  The  un- 
dulating ridges  and  intervening  furrows  on  the  dunes  of  blown 
sand  resembled  exactly  in  form  those  caused  by  the  waves  on 
a  sea-l>each,  and  were  always  at  right  angles  to  the  direction 
of  the  wind  which  had  produced  them.     Each  ridge  had  one 


side  slightly  inclined  and  the  other  steep,  the  lee  side  bein^ 
always  steep,  as  6  c,  t/ 1,  the  windward  side  a  gentle  slope,  as 
a  b,  c  d.  When  a  gust  of  wind  blew  with  sufficient  force  to 
drive  along  a  cloud  of  sand,  all  the  ridges  were  seen  to  be  in 
motion  at  once,  each  encroaching  on  the  furrow  before  il,  and, 
in  the  course  of  a  few  minutes,  filling  the  place  which  the  fur- 
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rows  had  occupied.     Many  grains  of  sand  were  drifli^d  along 

ilie  slopes  a  b,  and  c  d,  wliich,  wlieii  tliey  fell  over  tlie  scarps 

*  f,  and  t/ p,  were  under  slielter  from  the  wind,  so  that  lliey 

rfinuined  stationary,  resting,  according  to    tlii;ir    shape  and 

nmmcntuni,  on  dilTerenl  parts  of  llic  descent.     In  this  manner 

each  ridge  was  distinctly  seen   to  move  slowly  on  as  often  as 

ilie  force  of  the  wind  augmented.     We  think  that  we  shall 

not  strain  analogy  too  far  if  we  suppose  ihc  same  laws  to 

govern  the  subaqueous  and  subacrial  phenomena;  and  if  so, 

we  may  imagine  a  submarine  bank  to  be  nothing  more  than 

one  of  liie  ridges  of  ripple  on  a  larger  scale,  which  may  increase 

in  the  manner  before  suggesleil,  by  successive  additions  to  the 

steep  scarps. 

The  set  of  tides  and  currents,  in  opposite  directions,  may 
account  for  sudden  variations  in  the  direction  of  the  dip  of  the 
layers,  as  represented  in  the  wood-cut,  No.  3.3,  while  the 
general  prevalence  of  a  southerly  inclination  in  the  Crag  of 
Sudblk  moy  indicate  that  the  matter  was  brought  by  a  current 
irom  the  north. 

"We  may  refer  to  a  drawing  given  in  the  first  volume*,  to 
sbow  the  analogy  of  the  arrangement  of  the  submarine  strata, 
just  considered,  to  that  exhibited  by  dejxjsits  formed  in  the 
channels  of  rivers  where  a  considerable  transportation  of  sedi- 
tneni  is  in  progress. 

Derangement  in  the  Crag  strata. — In  the  above  examples 
ve  have  explained  the  want  of  parallelism  or  horizontality  in 
the  subordinate  layers  of  dilTereut  strata,  by  reference  to  the 
mode  of  their  original  deposition;  but  there  are  signs  of  dis- 
turbance which  can  only  be  accounted  for  by  subsequent  raove- 
menls.  The  same  blue  and  brown  clay,  or  loam,  which  is  often 
perfectly  horizonlat,  and  as  regularly  bedded  as  any  of  our 
older  formations,  is,  in  other  places,  curved  and  even  folded 
back  upon  itself,  in  the  manner  represented  in  the  annexed 
diagrams. 


lie 
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In  the  last  of  these  cute  a  central  nucleus  of  sand  is  sur- 
rounded by  argillaceous  and  sandy  Jayers,  This  phenomeDon 
is  very  freqtient,  and  there  are  instances  where  the  materials 
thiia  enveloped  consist  of  broken  flints  mingled  with  pieces  of 
challv,  forming  a  white  mass  encircled  by  dark  laminated  clay. 
The  diameter  of  these  included  masses,  as  seen  in  sections  laid 
open  in  the  sea-clifFs,  varies  from  five  to  fifteen  feet. 

East  of  Sherringham,  a  heap  of  partially-rounded  flints, 
about  five  feet  in  diameter,  is  nearly  enveloped  by  finely-lami- 
nated strata  of  sand  and  loam,  and  some  of  the  loam  is  entangled 
in  the  midst  of  the  flints. 

No.  39. 


weij 

1 

^^^^K   sun 

^^^■dia; 
^^^V  Ten 


iHtHCIIfteailt/ 
a,  Sand  tnd  loam  in  thin  Uyen. 
In  this  and  similar  instances,  we  may  imagine  the  yielding 
strata,  a,  to  have  subsided  into  a  cavity,  and  the  flints  belong- 
ing to  a  superincumbent  bed  to  have  pressed  down  with  thcar 
weight,  so  as  to  cause  the  strata  to  fold  round  them. 

That  some  masses  of  stratified  sand  and  loam  have  actually 
sunk  down  into  cavities,  or  have  fallen  like  landslips  into  ravines, 
ms  indicated  by  other  appearances.  Thus,  near  Sher- 
ingham,  the  argillaceous  beds,  a,  represented  in  the  annexed 
diagram  (No.  40),  are  cut  off  abruptly,  and  succeeded  by  the 
Tertical  and  contorted  series,  b,  c.     The  face  of  the  cliff  here 
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represented,  U  24  feet  in  height.  Some  of  the  layers  in  6,  6, 
are  composed  of  pebbles,  and  these  alternate  with  tliin  beds 
.  No.  49. 


wto/Sitrrbigliam,  Ker/bnt. 
a.  Sand,  loani,  ud  blua  cUy.    t,  b,  Sand  and  graTel.    c,  Tiriated  bed*  of  loam. 

(tf  loose  Band.  The  whole  set  must  once  have  been  horizontal, 
and  must  have  moved  in  a  mass,  or  the  relative  position  of 
the  Eeveral  parts  would  not  have  been  preserved.  Similar 
appearances  may,  perhaps,  be  produced  when  chasms  open 
during  earthquakes  and  portions  of  yielding  strata  fall  in  from 
above  and  ore  engulphed. 

Protruded  massei  of  chalk. — But  whatever  opinion  we  may 
entertain  on  this  point,  we  cannot^  doubt  that  subterranean 
No.  41. 


BUt 


Kor/elk. 
s  of  cWk  Bint;  wiib 


a,  Gnvel  and  ferTUfpnous  gand,  lounJed  and  angular  pii: 

■ome  qiiaii  t  prbliltii,  3  fi^et. 
>,  I.aminatvd  blue  clay,  8  feul.  e,  Ti-llow  sand,  1  foot  6  inehei. 

J,  Dark  blue  day  with  fragmcata  of  mariuG  ihvlla,  G  feci. 
t.  Yellow  loam  and  ilint  BTjvel,  3  feet  /,  Light  Hue  clay,  1  foot. 

g,  Sand  and  loam,  12  r»L 
k,  TcUow  and  shile  land,  loaai,  and  ffnd,  ubout  IDO  feel. 
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movements  have  given  rise  to  some  of  the  local  denDgenEii  lit 
in  this  formation,  particularly  where  masses  of  solid  AJk 
pierce,  as  it  were,  the  crag.  Thus,  between  Mundedejal 
Trimmingham  we  see  the  appearances  exhibited  in  the  mm 
))anying  view  (No.  41).  The  chalk,  of  which  the  stntia 
highly  inclined,  or  vertical,  projects  in  a  promontory,  beciK 
it  offers  more  resistance  to  the  action  of  the  waves  thu  it 
tertiary  beds  which,  on  both  sides,  constitute  the  whole  ot  Ae 
clifT.  The  height  of  the  soft  crag  strata  immediatelj  Amt 
the  chnlk  is,  in  this  place,  about  130  feet.  Those  winch  n 
in  contact  (see  the  wood-cut)  are  inclined  at  an  angle  of  45P, 
and  ap|)ear  more  disturbed  than  in  other  parts  of  the  SS^ 
as  if  tliey  had  been  displaced  by  the  movement  by  whiditbe 
chalk  was  protruded. 

Very  similar  appearances  are  exhibited  by  the  northenmxxt 
of  the  three  protuberances  of  chalk,  of  which  a  front  view  is 
given  in  the  annexed  diagram.  It  occupies  a  space  of  about  100 
yards  along  the  shore,  and  projects  about  60  yards  in  advance 
of  the  general  line  of  cliff.     One  of  its  edges^  at  c,  rests  upon 

No.  42. 
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Kortkern  prvtuberanre  of  chnlk,  Trimmingham, 

a,  Cimlk  with  flints.  c.  Laminated  blue  clay. 

b.  Gravel,  of  brokin  and  half-rounded  flints,    d.  Sand  and  yellow  loam. 

the  blue  clay  beds  of  the  crag,  in  such  a  manner  as  to  imply 
that  the  mass  had  been  undermined  when  the  crag  was 
deposited,  unless  we  suppose,  as  some  have  done^  that  this 
chalk  is  a  great   detached  mass  enveloped  by  crag.      For, 


Cb.xill.;  CRAG.  181 

one  of  the  *  Needles ',  or  insulated  rocks  of  chalk,  which 
projected  120  feel  above  high  water-mark,  at  the  western 
eXtreuity  of  the  Isle  of  Wight,  fell  into  the  sea  in  1772  *, 
a  pinnacle  of  chalk  may  have  been  precipitated  into  the 
tertiary  sea,  at  a  point  where  some  strala  of  the  crag  had 
previously  aecunnilated.  The  beds  of  flint  and  chalk  in  the 
above  diagram  appear  nearly  horizonlal,  but  they  are  in  fact 
highly  inclined  inwards  towards  the  clilf.  The  rapid  waste  of 
the  Norfolk  coast  might  soon  enable  us  to  understand  the  true 
position  of  this  mass,  if  observations  and  drawings  are  made 
from  time  to  time  of  the  appearances  which  present  themselves. 

Perhaps  it  may  be  necessary  to  suppose,  that  subterranean 
movements  were  in  progress  during  the  deposition  of  the  crag, 
and  the  extraordinary  dislocations  of  the  beds,  in  some  places, 
hich  in  others  are  perfectly  regular  and  liorizontal,  may  be 
most  easily  accounieil  fur  by  introducing  an  alternate  rise  and 
depression  of  the  bed  of  the  sea,  such  as  we  know  to  be  usually 
attendant  on  a  series  of  subterranean  convulsions.  Several  of 
the  contortions  may  also  have  been  produced  by  lateral  move- 
ments. 

Passage  of  marine  crag  into  alluvium. — By  supposing  the 
adjoining  lands  to  have  participated  in  this  movement,  we  may 
explain  the  origin  of  those  masses  of  an  alluvial  character 
which  contain  the  detritus  of  many  rocks,  the  bones  of  land 
animals  and  of  drift  limber,  which  were  evidently  swept  down 
into  ihe  sea.  The  land-floods  which  accompany  earthquakes 
are,  as  we  have  seen,  capable  of  transporting  such  materials  to 
groat  distances  j,  and,  as  part  of  these  alluviums  must  be  left 
lomewhere  upon  the  land,  wc  may  expect  to  find,  on  exploring 
the  interior,  a  gradual  passage  from  the  terrestrial  alluvium 
to  that  which  was  carried  down  into  the  sea,  and  which  alter- 
nates wilh  marine  beds. 

The  fossil  quadrupeds  imbeddetl  in  the  crag  apjwar  to  be 
U>e  same  as  those  of  a  great  part  of  the  alluviums  of  (he  interior 

•  Dodslej'a  Aniiuttl  Rffister,  Vol.  iv.  p.  I-IO.  t  V"l'  '■  '^'^''V-  2>. 
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of  England,  wliicli  may,  tlierefore,  have  been  formed  vhea 
ilie  lestacea  of  the  older  Pliocene  period  were  in  existence. 

Upon  the  whole,  we  may  imagine  tlie  crag  strata  to  bear  a 
great  resemblance  to  the  formations  whicli  may  now  be  in  pro- 
gress in  the  sea  between  the  British  and  Dutch  coasts, — a.  sea 
for  the  moat  part  shallow,  yet  having  here  and  there  a  depth  of 
50  or  ()0  fatlioms,  and  where  strong  tides  and  currents  prevail ; 
where  shells,  also,  and  zuophytes  abound,  and  where  matter 
drifted  from  wasting  cliffs  must  be  thrown  down  in  certain 
receptacles  in  the  form  of  sand,  shingle,  and  mud. 

In  conclusion  we  may  observe  that  the  Iiislory  of  the  crag 
requires  further  elucidation,  and  the  author  is  by  no  means 
satisfied  with  the  sketch  above  given  ;  but  as  the  country  is  so 
accessible  and  the  formation  so  interesting  both  in  its  structure 
and  zoological  characters,  it  is  hoped  that  these  remarks  may 
excite  curiosity  and  lead  to  fuller  investigation. 

S/ipppey. —  Ramsijnfe. — Brighton — Deposits  have  lately 
been  observed  by  Mr.  Crow  *  resting  on  llie  London  day, 
in  the  Isle  of  Sheppey,  at  the  height  of  140  feet  above  the  se^ 
and  by  Cnptain  Kater  at  Pegwell  Bay,  near  Ramsgate,  at  the 
height  of  a  few  yards,  and  by  Mr.  Mantell,  in  the  cliffs  neat 
Brighton,  all  containing  recent  marine  shells.  But  as  tliere  are 
only  five  or  six  species  yet  discovcreil  in  these  localities,  we 
cannot  decide,  till  we  obtain  further  information,  whether  these 
strata  belong  to  the  crag  or  to  a  more  recent  formation. 

"  Of  Chritt  Church  Culloge,  CambiiilgB, 
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tic  rocks  of  the  older  Pliocene  period — Italy — Volcanic  region  of  Olot  in 
Cutahmia — Its  extent  and  geological  structure — Map — Number  of  coiies^ 
fleons— LaTa  currents— Ravines  in  the  latter  cut  hy  water — Ancient  alluvium 
ndariyiag  lava — Jets  of  air  called  ^  Bufadors  * — Age  of  the  Catalonian  vol- 
unoertain — Earthquake  which  destroyed  Olot  in  1421 — Sardinian  vol* 
•District  of  the  Eifel  and  Lower  Rhine — Map— Geological  structure 
of  the  coimtxy — ^Peculiar  characteristics  of  the  Eifel  volcanos — Lake  craters^> 
Tebsi — Crater  of  the  Roderberg — ^Age  of  the  Eifel  volcanic  rocks  uncertain— 
Bnnm  omI  fonnatioiL 

VOLCANIC  ROCKS  OF  THE  OLDER  PLIOCENE  PERIOD. 

liaiy. —  It  is  part  of  our  proposed  plan  to  consider  the  igneous 
as  well  as  the  aqueous  formations  of  each  period,  but  we  are 
tar  from  being  able  as  yet  to  assign  to  each  of  the  numerous 
groups  of  volcanic  ori^n  scattered  over  Europe  a  precise  place 
in  the  chronological  series.  We  have  already  stated  that  the  vol- 
canic rocks  of  Tuscany  belong,  in  great  part  at  least,  to  the  older 
Pliocene  period, — those  for  example  of  Radicofani^  Viterbo, 
and  Aquapendente,  which  have  been  chiefly  erupted  beneath 
the  sea.  The  same  observation  would  probably  hold  true  in 
regard  to  the  igneous  rocks  of  the  Campagna  di  Roma. 

But  several  other  districts,  of  which  the  dates  are  still 
uncertain,  may  be  mentioned  in  this  chapter  as  being  possibly 
referrible  to  the  period  now  under  consideration.  It  will  at  least 
be  useful  to  explain  to  the  student  the  points  which  require 
elucidation  before  the  exact  age  of  the  groups  about  to  be 
described  can  be  accurately  determined. 

Volcanos  of  OloU  in  Catalonia. — I  shall  first  direct  the 
reader's  attention  to  a  district  of  extinct  volcanos  in  the  north 
of  Spain,  which  is  little  known,  and  which  I  visited  in  the 
summer  of  1830. 

The  whole  extent  of  country  occupied  by  volcanic  products 
in  Catalonia  is  not  more  than  fifteen  geographical  miles  from 
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norlli  to  soutli,  uitl  about  uz  from  cast  to  west.  ThenhJ 
eruption  raitgc  entirely  within  a  narrov  band  runiui^  nri 
and  south,  and  the  branches  which  wc  have  reprcKUti  i 
extending  castwuril  in  the  map  arc  formed  sitnpty  <^  tuoki 
streams,  those  of  Castell  Follit  and  Ceilent. 

No.  a 


Dr.  Mad  lire,  the  American  geologist,  was  the  first  who 
known  the  existence  of  these  volcanos  *  ;  and,  according 
description,  the  volcanic  region  extended  over  twenty  ; 
leagues,  from  Amer  to  Massanct.  I  searched  in  v^n  in  t 
virons  of  Mnssanct,  in  the  Pyrenees,  for  traces  of  a  lava-cu 
and  I  can  say  with  confidence  that  the  adjoined  map  j 
correct  view  of  the  true  area  of  the  volcanic  action. 

•  Maclure,  Joiini.  de  Phys.,  vol.  tiri.  [1.219,  1808;  cited  li^'Daiibei 
KTiplioa  or  VoletDin,  p.  24. 
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:/  tlraclure  of  the  dialric/. — The  eruptions  have 
St  entirety  through  secondary  rocks,  composed  iti  great 
[  of  git-y  and  greenish  sandstone  and  conglomerate,  ivith 
le  ihiik  beds  of  iiuniniulitic  hnicetone.  The  conglomerate 
pebbles  of  quartz,  limestone,  and  Lydian  stone.  The 
*inieslone  is  not  only  replete  with  nmnmuhles,  but  occasionally 
includes  oysters,  pectens,  and  other  shells.  This  system  of 
3t)cks  is  very  extensively  spread  throughout  Catalonia,  one  of 
its  members  being  a  red  sandstone,  to  which  the  celebrated 
lalt-rock  of  Cardona  is  subordinate.  It  is  conjectured  that 
the  whole  belongs  lo  the  age  of  our  green-sand  and  chalk. 

Near  Anier,  in  the  Valley  of  the  Ter,  on  the  southern  bor- 
ders of  the  region  delineated  in  the  mapj  primary  rocks  are 
seen  consisting  of  gneiss,  mica-schist,  and  clay-slate.  They 
run  in  a  line  nearly  parallel  to  ilie  Pyrenees,  and  throw  off  the 
secondary  strata  from  their  flanks,  causing  them  to  dip  to  the 
north  and  north-west.  This  dip,  wliich  is  towards  the 
Pyrenees,  is  connected  with  a  distinct  axis  of  elevation,  and 
prevails  through  the  whole  area  described  in  the  map,  the 
inclination  of  the  beds  being  sometimes  at  an  angle  of  between 
40  and  50  degrees. 

It  IB  evident  that  the  physical  geography  of  the  country  has 
undergone  no  material  change  since  the  commencement  of  the 
era  of  the  volcanic  eruptions,  except  sudi  as  has  resulted  from 
ibe  introduction  of  new  hills  of  scoria;  and  currents  of  lava 
upon  the  surface.  If  the  lavas  could  be  remelted  and  poured 
out  again  from  their  respective  craters,  they  would  descend  the 
same  valleys  in  which  they  arc  now  seen,  and  reoccupy  the 
spaces  which  they  at  present  fill.  The  only  difference  in  the 
external  configuration  of  the  fresh  lavas  would  consist  in  this, 
lliat  they  would  nowhere  be  intersected  by  ravines,  or  exhibit 
marks  of  erosion  by  running  water. 

fQlcanlc  conrs  and  lavas. — There  are  about  fourteen  distinct 
cones  with  craters  in  this  part  uf  Spain,  besiilLS  several  |)oints 
whence  lavas  may  have  issued  ;  all  uf  them  arranged  along  a 
OBTTOW  line  running  north  and  south,  as  will  be  seen  iu  the 
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map.  The  greatest  number  of  perfect  cones  are  in  the  innie- 
diatc  neighbourhood  of  Olot,  some  of  which  are  represented  k 
the  frontispiece,  and  the  level  plain  on  vhich  that  tan 
stands  has  clearly  been  produced  by  the  flowing  down  6t  nmf 
lava-streams  from  those  hills  into  the  bottom  of  a  valley, 
prolmbly  once  of  considerable  depth  like  those  of  the  surrouni- 
ing  country. 

In  the  frontispiece  an  attempt  is  made  to  represent  by  cobun 
the  different  geological  formations  of  which  the  coantry  b 
comi)osed.    The  blue  Une  of  mountains  in  the  distance  are  the 
Pyrenees,  which  are  to  the  north  of  the  spectator,  and  ooasiit 
of  primary  and  ancient  secondary  rocks.     In  front  of  these  are 
the  secondary  formations  described  in  this  chapter,  coloured 
grey.     Different  shades  of  this  colour  are  introduced,  to  express 
various  distances.     The  flank  of  the  hill,  in  the  foregroundi 
called  Costa  de  Pujou,  is  composed  partly  of  secondary  rods 
and  partly  of  volcanic,  the  red  colour  expressing  lava  and 
scoriae. 

The  Fluvia,  which  passes  near  the  town  of  Olot,  has  only 
cut  to  tlie  depth  of  forty  feet  through  the  lavas  of  the  plain 
before  mentioned.  The  bed  of  the  river  is  hard  basalt,  and  at 
the  bridge  of  Santa  Madalena,  are  seen  two  distinct  lava- 
currents,  one  above  the  other,  separated  by  a  horizontal  bed 
of  scoriae  ei<;ht  feet  thick. 

In  one  place,  to  the  south  of  Olot,  the  even  surface  of  the 
plain  is  broken  by  a  mound  of  lava,  called  the  *  Bosque  de 
Tosca,'  the  upper  part  of  which  is  scoriaceous,  and  covered 
with  enormous  heaps  of  fragments  of  basalt  more  or  less  porous. 
Between  the  numerous  hummocks  thus  formed,  are  deep  cavi- 
ties, having  the  appearance  of  small  craters.  The  whole  precisely 
resembles  some  of  the  modern  currents  of  Etna,  or  that  of 
Come,  near  Clermont,  the  last  of  which,  like  the  Bosque  de 
Tosca,  supports  only  a  scanty  vegetation. 

Most  of  the  Catalonian  volcanos  are  as  entire  as  those  in  the 
neighbourhood  of  Naples,  or  on  the  flanks  of  Etna.  One  of 
these,  figured  iu  the  frontispiece,  called  Montsacopa,  is  of  a 
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ver^  r^ular  form,  and  has  a  circulnr  depresBion  or  crator  at 
the  summit.  It  is  cliiefly  made  up  of  rtd  acorise,  undistinguisli- 
able  from  thai  of  the  minor  cones  of  Etna.  The  neiglibouring 
hills  of  Olivet  and  Garrinada,  also  figured  in  the  frontispiece, 
sre  of  similar  composiiioa  and  shape.  The  largest  crater  of 
tlie  whole  district  occurs  farther  to  the  east  of  Olut,  and  is  culled 
Santa  Margarita.  It  is  455  feet  deep,  and  about  a  mile  in 
drcumference.  Like  Aatroni,  near  Naples,  it  is  richly  covered 
with  wood,  wherein  game  of  various  kinds  abound. 

Although  the  volcanos  of  Catalonia  have  broken  out  through 
sandstone,  shale,  and  limestone,  as  have  those  of  the  Eifel,  in 
Germany,  to  be  described  in  the  sequel,  there  is  a  remarkable 
difference  in  the  nature  of  the  ejections  composing  the  cones  in 
tbese  two  regions.  In  the  Eifel,  the  quantity  of  pieces  of  sand- 
atone  and  shaic  thrown  out  from  the  vents,  is  often  so  immense 
as  far  to  exceed  in  volume  the  scoria?,  pumice,  and  lava ;  but  I 
sought  in  vain  in  the  cones  near  Olot  for  a  single  fragment  of 
any  extraneous  rock,  and  Don  Francisco  ISolos  informs  me 
that  he  has  never  been  able  to  detect  any.  Volcanic  sand  and 
jislies  are  not  confined  to  the  cones,  but  have  been  sometimes 
scattered  by  the  wind  over  the  country,  and  drifted  into  narrow 
valleys,  as  is  seen  between  Olot  and  Cellent,  where  the  annexed 
section  is  exposed.  The  light  cindcry  volcanic  matter  rests  in 
thin  regular  layers,  jnst  as  it  alighted  on  the  slope  formed  by 
the  solid  conglomerate.  No  fiood  could  have  passed  through 
No.  44. 


a,  Stamiatj  cODglomeiBls.  b,  Thia  seama  of  Tolcnnie  uad  ddiI 

Hhe  valley  since  the  scorise  fell,  or  these  would  have  I 
the  most  part  removed. 

The  currents  of  lava  in  Catalonia,  like  those  of  Auvergne, 
the  Vivarais,  Iceland,  and  all  mountainous  countries,  are 
considerable  depth  iti  narrow  defiles,  but  spread  out  into  com- 
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parativcly  iliiii  glict-ls  in  places  where  the  valleys  widen.  If  a 
liver  has  flowed  on  nearly  level  ground,  as  in  the  great  plain 
near  Olot,  the  water  has  only  excavated  a  channel  of  slight 
depth  J  but  where  the  declivity  is  great,  the  stream  has  cut  a 
deep  section,  sometimes  by  penetrating  dirccily  through  ihc 
central  part  of  a  lavu-jurrent,  but  more  frequently  by  pas«ing 
between  the  lava  and  the  secondary  rock  which  bounds  the 
valley.  Thus,  iu  the  accompanying  section,  at  the  bridge  of 
Cellcnt,  six  miles  east  of  Olut,  we  see  the  lava  on  one  side  of 
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the  small  stream,  while  the  inclined  stratified  rocks  constitute 
the  channel  and  opposite  bank.  The  upper  part  of  the  lava  at 
that  place  is  seoriaceous;  farther  down  it  becomes  less  porous, 
and  assumes  a  spheroidal  structure ;  still  lower  it  divides  in 
liorizonlal  plates,  each  about  two  inches  in  thickness,  and  is 
more  compact.  Lastly,  at  the  bottom  is  a  mass  of  prismatic 
l»isalt  about  five  feet  thick.  The  vertical  columns  often  rest 
immediately  on  the  subjacent  secondary  rocks;  but  there  is 
sometimes  an  intervention  of  such  sand  and  scoriie  as  cover 
nlry  during  volcanic  eruptions,  and  which  when  unpro- 
tected, as  here,  by  superinciintt>ent  lava,  is  washed  away  from 
the  surface  of  the  land.     Sometimes  the  bed  d  contains  a  few 
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^diblcfl  and  angular  Tragnients  of  ruck ;  in  other  places  fine 
9ttltb,  which  may  have  constituted  an  ancient  vegetable  soil. 

In  several  localities,  betls  of  Biuid  and  ashes  are  interposed 
bdween  the  lava  and  subjacent  stratified  rock,  as  may  be  seen 
if  we  follow  the  coui'se  of  (lie  lava-current  which  descends  from 
Imb  Piunns  towards  Ainer,  and  stops  two  miles  sliort  of  that 
town.  Tlio  river  there  has  often  cut  through  the  lava,  and 
through  eighteen  feet  of  undeilying  limestone.  Occasionally 
KO  alluvium,  several  feet  thick,  is  interposed  between  ilie  igne- 
ous and  marine  formation  ;  and  it  is  interesting  to  remark,  that 
in  this,  as  in  other  beds  of  pebbles  occupying  a  similar  position, 
there  are  no  rounded  fragments  of  lava,  whereas,  in  the  modern 
gravel  beds  of  rivers  in  this  country,  volcanic  pebbles  are 
abundant. 

The  deepest  excavation  made  by  a  river  through  lava,  which 
I  observed  in  this  part  of  Spain,  is  that  seen  in  the  bottom  of 
n  valley  near  San  Feliii  de  Pallertils,  opposite  the  Castell  de 
Stolles.  The  lava  there  has  filled  up  the  bottom  of  a  valley, 
and  a  narrow  ravine  has  been  cut  through  it  to  the  depth  of 
100  feet.  In  the  lower  part  the  lava  has  a  columnar  structure. 
A  great  number  of  ages  were  probably  required  for  the  erosion 
of  so  deep  a  ravine ;  but  we  have  no  reason  to  infer  that  this 
current  is  of  higher  antiquity  than  those  of  the  plain  near  Olot. 
The  fall  of  the  ground,  and  consequent  velocity  of  the  stream, 
being  in  this  case  greater,  a  more  considerable  volume  of  rock 
may  have  been  removed  in  an  equal  quantity  of  time. 

We  shall  describe  one  more  section  to  elucidate  the  phe- 
nomena of  this  district.  A  lava-stream,  flowing  from  a  lidge 
of  hills  to  the  cast  of  Olot,  descends  a  considerable  slope 
until  it  reaches  the  valley  of  the  river  Fluvia.  Here,  for  the 
first  time,  it  comes  in  contact  with  running  water,  which  has 
removed  a  jmrtion,  and  laid  open  its  internal  structure  in  a 
precipice  about  130  feet  in  height,  at  the  edge  of  which  stands 
the  town  of  Castell  FoUit. 

By  the  junction  of  the  rivers  Fluvia  and  Teroncl  the  mass 
of  lava  kas  been  cut  away  on  two  sides;  and  the  insular  mass 
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B  (No.  46)  has  been  left,  which  was  probably  never  so  high 
as  the  clifi*  A,  as  it  may  have  consLituled  the  lower  pari  of  the 
iping  side  of  the  original  current. 
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A,  Church  lod  town  of  Ciutell  Follit,  ovetlooldii^  prwipices  of  baaalt. 

B,  Smult  Iitand,  on  vach  aiile  of  uhleh  brnacbea  of  the  ritvr  TeroDvl  flow  to 

meet  tha  Fluvia. 

e,  Piecipice  of  biLsalttc  taTu,  cliii'Sy  columaar. 

J,  Ancient  aUuvinm  underljiog  Itie  Uvo-cuireal. 

e,  Inclined  Btrntn.  uf  sccondacy  Bandblono. 

From  an  examination  of  the  vertical  cliff's,  it  appears  tliat 
the  upper  part  of  the  lava  on  whicli  the  town  is  built  ii 
Bcoriaceous,  passing  downwards  into  a  spheroidal  basalt ;  some 
of  the  huge  spheroids  being  no  !csa  than  six  feet  in  diameter. 
Below  tills  is  a  more  compact  basalt  with  crj'stats  of  olivine. 
There  are  in  all  about  four  distinct  ranges  of  prismatic  basalt, 
separated  by  thinner  beds  not  columnar,  and  some  of  which 
are  schistose.  The  whole  mass  rests  on  alluvium,  ten  or 
twelve  feet  in  thickness,  composed  of  pebbles  of  limestone  and 
quartz,  but  without  any  intermixture  of  igneous  rocks ;  in 
which  circumstance  alone  it  appears  to  differ  from  the  tnodera 
gravel  of  the  Fluvia. 

Bti/adnrs. — The  volcanic  rocks  near  Olot  have  often  a 
cavernous  structure  like  some  of  the  lavas  of  F.tna;  and  in 
many  parts  of  the  hill  of  Batet,  in  the  environs  of  the  town,  the 
sound  returned  by  the  earth,  when  struck,  is  like  that  of  an 
archway.     At  the  base  of  the  same  hill  are  the  mouths  of 
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Kveral  Eubterraneon  caverns,  about  twelve  in  number,  which 
arc  called  in  the  country  '  bufadors/  fram  which  a  current  of 
cold  air  issues  during  summer ;  but  which  in  winter  is  said  to 
be  scarcely  perceptible.  I  visited  one  of  these  bufadora  in  the 
beginning  of  August,  1&30,  when  the  heat  of  the  season  was 
unusually  intense,  and  found  a  cold  wind  blowing  from  it, 
which  may  easily  be  explained,  for  as  the  external  air  when 
rarefied  by  heat  ascends,  tlie  cold  air  from  the  interior  of  the 
mountain  rushes  in  to  supply  its  place. 

Age  of  the  Cataloniun  vulcanos  unccTtain. — It  now  only 
remains  to  offer  some  remarks  on  the  probable  age  of  these 
Spanish  volcanos.  Attempts  have  been  made  to  prove,  ihat  Id 
this  country,  as  well  as  in  Auvergne  and  the  Eifel,  the  earliest 
inhabitants  were  eye-witnesses  to  the  volcanic  action.  In  the 
year  1421  it  is  said,  when  Olot  was  destroyed  by  an  earth- 
quake, an  eruption  broke  out  near  Amer,  and  consumed  the 
town.  The  researches  of  Don  Francisco  Bolos  have,  I  think, 
shown,  in  the  most  satisfactory  manner,  that  there  is  no  good 
historical  foundation  for  the  latter  part  of  this  story  ;  and  any 
geologist  who  has  visited  Amer  must  be  convinced  [hat  there 
never  was  any  eruption  on  that  spot.  It  is  true  that,  in  the 
year  above-mentioned,  the  whole  of  Olol,  with  the  exception  of 
a  single  house,  was  cast  down  by  an  earthquake ;  one  of  those 
shocks  which  at  distant  intervals,  during  the  last  five  centu- 
ries, have  shaken  the  Pyrenees,  and  particularly  the  country 
between  Pcrpignan  and  Olot,  where  the  movements,  at  the 
period  alluded  to,  were  most  violent. 

Some  houses  are  said  to  have  sunk  into  the  earth  ;  and  this 
account  tms  been  corroborated  by  the  fact  that,  within  the 
memory  of  persons  now  living,  the  buried  arches  of  a  Bene- 
dictine monastery  were  found  at  adepth  of  six  feet  beneath  the 
surface;  and  still  later,  some  houses  were  dug  out  in  the  street 
called  Aigua.  Don  Bolos  informed  me,  that  he  was  present 
when  the  latter  excavation  was  made,  and  when  the  roof  of  a 
buried  house,  nearly  entire,  was  found  six  feet  beneath  the  sur- 
face, the  interior  being  in  a  great  part  empty,  so  that  it  was 
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neccssaiy  to  fill  it  up  with  earlli  and  stones,  in  order  to  form  a 
sure  foundation  for  the  new  edifice, 

Tlic  anniliilatiou  of  the  ancient  Olot  may,  perhaps,  be  as- 
cribed, not  to  the  extraordinary  violence  of  the  luoveinent  on 
that  spot,  bnt  to  the  cavernous  nature  of  the  subjacent  rocks; 
for  Catalonia  is  bcyon<l  the  line  of  those  modern  European 
earthquakes  which  destroy  towns  throughout  extensive  areas. 

As  we  have  no  historical  records,  then,  to  guide  us  in  regard 
to  the  extinct  volcanos,  we  must  appeal  to  geological  monu- 
ments. We  have  little  doubt  that  some  fossil  land-shells,  and 
bones  of  quadrupeds,  will  hereafter  reward  the  industry  of  col- 
lectors. If  such  remains  are  found  imbedded  in  volcanic  ejec- 
tions, the  period  of  the  eruptions  may  be  inferred;  but  at 
present  we  have  no  evidence  beyond  that  aflbrdcd  by  super- 
position, in  regard  to  which  the  annexed  diagram  will  present 
to  the  reader,  in  a  synoptical  form,  the  results  obtained  from 
numerous  sections. 

No.  47. 


a,  Similitone  and  nummulltjc  limcttoac 
6,  Older  alluvium  with  voIcddic  pelibleB. 
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The  more  modern  alluvium  d  is  partial,  and  lias  been  formed 
by  the  action  of  rivers  and  floods  upon  the  lava;  whereas  the 
older  gravel,  fc,  was  strewed  over  llie  country  before  the  vol- 
canic eruptions.  In  neither  have  any  organic  remains  been 
discovered,  so  that  we  can  merely  affirm,  as  yet,  that  the  vol- 
canos broke  out  after  the  elevation  of  some  of  the  newest  rocks 
of  the  secondary  series,  and  before  the  formation  of  an  allu- 
vium, d,  of  unknown  date.  The  integrity  of  the  cones  merely 
shows  that  the  country  has  not  been  agitated  by  violent  earth- 
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qUBkes,  nor  iiibjected  lo  the  action  of  any  great  transiL'iU  flood 
Wttcellieir  origin. 

£astof  Olot,  on  tlie  Catalonian  coast,  marine  tertiary  strata 
owur,  wliidi,  near  Barcelona,  attain  the  height  of  about  500 
f«I.  It  appears  probable,  from  a  small  number  of  shells  which 
I  collected,  that  these  strata  may  correspond  with  the  Sub- 
*peniiine  beds,  so  llint  if  the  volcanic  district  had  extended 
tlius  far,  we  might  be  able  to  determine  the  age  of  the  igneous 
products,  by  observing  their  relation  to  these  older  Pliocene 
formations  *. 

Sardinian  i>olcanos. — The  line  of  extinct  volcanos  in  Sar- 
dinia, described  by  Captain  Smyth  f ,  is  also  of  uncertain  dale, 
as,  notwithstanding  the  freshness  of  some  of  the  cones  and  lavas, 
tliey  may  be  of  high  antiquity.  They  rest,  however,  on  a  ter- 
tiary formation,  supposed  by  some  to  correspond  to  the  Sub- 
■pennine  strata,  but  of  which  the  fossil  remains  have  not  been 
fully  described. 

VOLCANIC  ROCKS  OF  THE  EIFEL. 

The  voIcanoB  of  the  Lower  llhine  and  the  Eifel  arc  of  no  less 
'  uncertain  date  than  those  of  Catalonia  j  but  we  arc  desirous  of 
pointing  out  some  of  their  peculiar  characters,  and  shall, 
therefore,  treat  of  ilicm  in  this  chapter,  trusting  that  future 
investigations  will  determine  their  chronological  relations  more 
accurately. 

For  the  geographical  details  of  this  volcanic  region,  we  refer 
the  reader  to  the  annexed  map,  for  which  I  am  indebted  lo 
Mr.  Leonard  Horner,  whose  residence  in  the  country  has 
enabled  him  to  verify  the  maps  of  MM.  Niieggerath  and  Von 
Oyenhausen,  from  whicli  that  now  given  has  been  principally 
compiled. 

•  For  «™e  account  of  fhe  Glut  Tolcnnoa  tee  '  Noliuia  dc  Loi  KKlin(juLdo» 
Volcanei  it  \a  Villa  du  Olol,'  by  Francisco  Bolos.  Bnicbluim.  No  date,-l)Ut  llig 
ebtcrralions,  I  am  luld,  prcciiU^il  tlio.e  of  lit.  Maclure. 

t  Presenl  slate  of  Saidiuia,  &c,,  n'.  69, 7U. 
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There  has  been  a  long  succession  of  eruptions  in  this 
country,  and  some  of  them  must  have  occurred  when  its 
physical  geography  was  in  a  very  ditferent  state,  while 
have  happened  when  the  whole  district  had  nearly  i 
its  present  configuration. 

The  fundamental  rock  of  the  Eifel  is  an  ancient  secondary 
sandstone  and  shale,  to  which  the  obscure  and  vague  appella- 
tion of  'graywacke'  has  been  given.  The  formation  has 
precisely  the  characters  of  a  great  part  of  those  grey  and  red 
sandatones  and  shales  which  are  called  '  old  red  sandstone '  m 
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England  and  Scotland,  where  they  constitute  the  inferior 
member  of  the  carboniferous  series.  In  the  £ifel  they  occupy 
the  same  geological  position,  and  in  some  parts  alternate  with  a 
limestone,  containing  trilobites  and  other  fossils  of  our  moun- 
tain and  transilion  limestones.  The  strata  are  inclined  at  all 
angles  from  the  horizontal  to  the  vertical,  and  must  have 
undergone  reiterated  convulsions  before  the  country  was 
moulded  into  ila  present  form. 

Lake-Craters. — The  volcanos  have  broken  out  sometimes  at 
the  bottoDi  of  deep  valleys,  sometimes  on  the  summit  of  hilla, 
and  frequently  on  intervening  platforms.  The  traveller  often 
falls  upon  them  unexpectedly  in  a  district  otherwise  extremely 
barren  of  geological  interest.  Thus,  for  example,  he  might 
arrive  at  the  village  of  Gemundcn,  immediately  south  of  Daun, 
without  suspecting  that  he  was  in  the  immediate  vicinity  of 
eome  of  the  most  remarkable  vents  of  eruption.  Leaving  a 
stream  which  flows  at  the  bottom  of  a  deep  valley  in  a  sand- 
stone country,  he  climbs  the  steep  accUvity  of  a  hill  where  he 
observes  the  edges  of  strata  of  sandstone  and  shale  dipping 
inwards  towards  the  mountain.  When  he  has  ascended  to  a 
considerable  height  he  sees  fragments  of  scoria;  sparingly  scat- 
tered over  the  surface,  tilt  at  length  on  reaching  the  summit 
he  finds  himself  suddenly  on  the  edge  of  a  tarn,  or  deep 
circular  lake-basin. 

No.  49, 


This,  which  is  called  the  Gemunden  Maar,  is  the  first  of  three 
lakes  which  are  in  immediate  contact,  the  same  ridge  forming  the 
barrier  of  two  neighbouring  cavities  (sec  diag.  No.  50).     On 
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Viewing  the  first  of  these  we  recognize  the  ordinary  fondbl^^^ 
crater,  for  which  we  have  been  prepared  by  the  oecunotttf ^i^ 


Of  Village  of  Gemunden.  c,  Weinfelder  ICur. 

b,  Gemunden  Maar.  d,  Schalkeainehien  Maar, 

aooriffi  scattered  over  the  surface  of  the  sml.  But  on 
ing  the  walls  of  the  crater,  we  find  precipices  of  sandstone  nl 
shale  which  exhibit  no  signs  of  the  action  of  heat,  and  welodk 
in  vain  for  those  beds  of  lava  and  scoriae,  dipping  in  oppoate 
directions  on  every  side,  which  we  have  been  accustomed  to  coi- 
sider  as  characteristic  of  volcanic  craters.  As  we  proceed,  hov- 
ever,  to  the  opposite  side  of  the  lake,  and  afterwards  visit  the 
craters  c  and  d,  we  find  a  considerable  quantity  of  scorie  nd 
some  lava,  and  see  the  whole  surface  of  the  soil  sparkling  with 
volcanic  sand  and  ejected  fragments  of  half-fused  shale,  whidi 
preserves  its  laminated  texture  in  the  interior,  while  it  has  t 
vitrified  or  scoriform  coating. 

We  cannot,  therefore,  doubt  that  these  great  hollows  have 
been  formed  by  gaseous  explosions ;  in  other  words,  that  parts 
of  the  summits  of  hills  composed  of  sandstone  and  shale  were 
blown  up  during  a  copious  discharge  of  gas  or  steam,  ac- 
companied by  the  escape  of  a  small  quantity  of  lava.  It  is  a 
peculiar  feature  of  the  Eifel  volcanos  that  aeriform  dischai^ 
have  been  violent,  and  the  quantity  of  melted  matter  poured 
out  from  the  vents  proportionably  insignificant.  In  this  re- 
spect they  differ,  as  a  group,  from  any  assemblage  of  extinct 
volcanos  which  I  have  seen  in  France,  Italy,  or  Spain. 

In  some  of  the  Eifel  lavas,  as  in  Auvergne  and  the  Vivarais, 
fragments  of  granite,  gneiss,  and  clay-slate  are  found  inclosed ; 
pieces  of  these  rocks  having  probably  been  torn  ofi^  by  the 
melted  matter  and  gases  as  they  rose  from  below. 

A  few  miles  to  the  south  of   the  lakes  above-mentioned 


^■SV.J  TRASS  or  RHI«E  VOLCANOS.  197 

^_  ^^Ti  the  Fulvermaar  of  Gillenfeld,  an  oval    lake  of  very 

^ft**]ar  form,  and  surrounded  by  an  unbroken  ritige  of  frag- 

*^twy  materials,  consisting  of  ejected  sliale  and  sandstone, 

*^^  preserving  an  uniform  height  of  about  one  hundred  and 

,    **J'  feet  above  the  water.     Tile  side  slope  in  the  interior  is 

^^  an  angle  of  about  43°;  on  the  exterior,  of  3b°.     Volcanic 

^*il)siances  are  intermixed  very  sparingly  with  the  ejections 

>bich  in  this  place  entirely  conceal  from  view  the  stratified 

Jocks  of  the  country  *. 

Tlie  Mecrfelder  Maar  is  a  cavity  of  far  greater  size  and 
depth,  hollowed  out  of  similar  strata ;  the  sides  presenting  some 
abrupt  sections  of  inclined  secondary  rocks,  which  in  other 
places  are  buried  under  vast  heaps  of  pulverised  shale.  I 
could  discover  no  scorias  amongst  the  ejectetl  materials,  but 
balls  of  olivine,  and  other  volcanic  substances  are  mentioned  as 
having  been  found +.  This  cavity,  which  we  must  suppose  to 
have  discharged  an  immense  volume  of  gas,  is  nearly  a  mile  in 
diatneter,  and  is  said  to  be  more  than  one  hundred  fathoms 
deep.  In  the  neighbourhood  is  a  mountain  called  the  Mose- 
berg,  which  consists  of  red  sandstone  and  shale  in  its  lower 
parts,  but  supports  on  its  summit  a  triple  volcanic  cone,  while 
a  distinct  current  of  lava  is  seen  descending  the  flanks  of  the 
mountain.  The  edge  of  the  crater  of  the  largest  cone  reminded 
me  much  of  the  form  and  characters  of  that  of  Vesuvius. 

If  we  pass  from  the  Upper  to  the  Lower  Eifel  we  find  the 
celebrated  lake-crater  of  Laach,  which  has  a  greater  resem- 
blance than  any  of  those  beAire-mentioncd  to  the  Lago  di 
tiolsena,  and  others  in  Italy — being  surrounded  by  a  ridge  of 
gently  sloping  hills,  composed  of  loose  tuffs,  scorite,  and  blocks 
of  a  variety  of  lavas. 

Trn33  and  Us  origin. — It  appears  that  in  the  Lower  Eifel 
eruptions  of  trachylic  lava  preceded  the  emission  of  currents 
of  basalt,  and  that  immense  quantities  of  pumice  were  thrown 
wherever  trachyte  issued.     In  this  district,  also,  we  find 

Scraiw,  EiILd.  Joiim,  otSci.,  June  I82G,  p.  MJ. 
t  Hibbcrt,  Eslinct  Vulcuio*  o(  the  Htua«,  [>•  "^i- 
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the  tufaoeous  alluTium  of  the  Rhine  Tolcaiioi  oaM  km 
irhich  has  covered  large  areas,  and  choked  up  aome  ^dqi  V^ 
now  partially  re-excavated.  This  trass  is^  like  the  ken^vh  W^ 
stratified.  The  base  is  composed  almost  entirdy  of  pmn^  ^ 
in  which  are  included  fragments  of  basalt  and  other  lan^ 
jneces  of  burnt  shale>  slate^  and  sandstone,  and  numeMi 
trunks  and  branches  of  trees. 

If  an  eruption,  attended  by  a  copious  evolution  of  gm, 
should  now  happen  in  one  of  the  lake  basins,  we  might  siippott 
the  water  to  remain  for  weeks  in  a  state  of  violent  ebulfitia, 
until  it  became  of  the  oonsistoicy  ci  mud,  just  as  the  sea  b- 
came  charged  with  red  mud  round  the  new  island  at  Sdaooiv 
in  the  Mediterranean,  in  the  year  1831.     If  a  breach  should 
then  be  made  in  the  side  of  the  cone,  the  flcxxi  would  sweep 
away  great  heaps  of  ejected  fragments  of  shale  and  sandstone 
which   would  be    borne  down   into  the   adjoining   valkyi. 
Forests  would  be  torn  up  by  such  a  flood,  which  would  a- 
plain  the  occurrence  of  the  numerous  trunks  of  trees  dispened 
irregularly  through  the  trass. 

Crater  of  the  Roderberg, — One  of  the  most  interesUng  rol- 
canos  on  the  left  bank  of  the  Rhine  is  called  the  Roderbeig. 
It  forms  a  circular  crater  nearly  a  quarter  of  a  mile  in  diameter, 
and  one  hundred  feet  deep,  now  covered  with  fields  of  corn. 
The  highly  inclined  graywacke  strata  rise  even  to  the  rim  of  one 
side  of  the  crater,  but  they  are  overspread  by  quartsose  gravd, 
and  this  again  is  covered  by  volcanic  scoriae  and  tufaceous 
sand.  The  opposite  wall  of  the  crater  is  a  scoriaceous  rock, 
like  that  at  the  summit  of  Vesuvius.  It  is  quite  evident  that 
the  eruption  in  this  case  burst  through  the  graywacke  and 
alluvium  which  immediately  overlies  it ;  and  I  observed  some 
of  the  quartz  pebbles  mixed  with  scoriae  on  the  flanks  of  the 
mountain,  so  placed  as  if  they  had  been  cast  up  into  the  air, 
and  had  fallen  again  with  the  volcanic  ashes. 

On  the  opposite,  or  right  bank  of  the  Rhine,  are  the  Sieben- 
gebirgc,  a  group  of  mountains  wherein  analogous  phenomena 
are  exhibited.     There  also  trachytic  lavas  have  flowed  out  and 
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the  graywacke;  and  basaltic  currents  of  a  somewliat 
■^*«r  date  have  followed. 

There  is,  however,  Buch  a  connexion  between  these  rocka 
^^llt  A  suite  might  be  procured  from  the  Siebengebirge, 
,^^Bwing  an  insensible  gradation  from  highly  crystalline  ira- 
^4^le  into  comjiact  basalt,  witli  the  accompanying  passage  of 
%he  hornblende  in  the  former,  into  augite  in  the  latter. 

Age  of  the  volcanic  rocks  of  the  Eifel  uncertain. — Besides 
4ie  ancient  inclined  graywacke,  we  have  in  the  immediate 
vkJnity  of  the  valley  of  the  Rhine,  a  nearly  horizontal  tertiary 
formation,  called  brown  coal,  from  the  association  with  it  of 
beds  of  lignite  worked  for  coal.  The  great  mass  of  the  igneous 
rocks  are  seen  to  be  newer  than  this  formation  ;  and  thus  we 
obtain  a  relative  date  of  much  local  importance  for  the  volcanos 
of  the  whole  region.  This  brown  coal  consists  of  beds  of  sand 
and  sandstone,  with  nodules  of  clay-ironstone,  and  siliceous 
conglomerate.  Beds  of  lignite  of  various  thickness  are  inter- 
fttratified  with  the  clays  and  sands,  and  oft(?n  irregularly  dif- 
fused through  them.  This  deposit  was  classed  with  the  plastic 
clay  at  a  time  when  every  group  of  tertiary  strata  was  referred 
to  ihe  age  of  some  one  of  the  subdivisions  of  the  Paris  basin, 
but  aa  no  shells,  either  marine,  fresh-water,  or  land  have 
yet  been  found  imbedded,  it  is  not  easy  to  decide  the  age 
of  the  formation.  Near  Marienforst,  in  the  vicinity  of  Bonn, 
large  blocks  are  found  on  the  surface  of  a  white  opaque 
quarts  rock,  containing  numerous  casts  of  fresh-water  shells 
which  appear  to  belong  to  Planorbis  rotundatus  and  Limiiea 
langiacattu,  two  well-known  Eocene  species*  ;  but  this  rock  is 
not  in  situ,  and  may  possibly  have  been  a  local  deposit  in  some 
small  lake,  fed  by  a  spring  holding  sihca  in  solution.  Yet,  as 
there  are  beds  of  the  brown  coal  at  Marienforst,  and  this  for- 
mation contains  in  other  places  subordinate  beds  of  silex,  it 
seems  to  me  most  probable  that  the  quartzose  blocks  alluded 
to  were  derived  from  some  member  of  that  tertiary  group. 

*  U.  Uahajca,  to  whum  1  ihowed  ths  i[iecinuiai,  luU  Lc  Celt  os  cuuEilent  of 
ki  mere  colli  would  wairuit. 
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The  Other  organic  remains  of  the  brown  coal  are 
fishes ;  they  arc  found  in  a  bituminous  shale,  called  paper-codL 
from  being  divisible  into  extremely  thin  leaves.    The  iii- 
viduals  are  extremely  numerous,  but  they  appear  to  hAaig 
to  about  five  species,  which  M.  Agassiz  informs  me  are  il 
extinct,  and  hitherto  peculiar  to    the  brown  coaL     Tliqf 
belong  to  the  fresh-water  genera  Leuciscus,  Aspius,  and  PeRL 
The  remains  of  frogs  also,  of  an  extinct  species,  have  been  fr 
covered  in  the  paper  coal,  and  a  perfect  series  may  be  seena 
the  museum  at  Bonn,  from  the  most  imperfect  state  of  the 
tadpole  to  that  of  the  full-grown  animal.     With  these  a  sih- 
mander,  scarcely  distinguishable  from  the  recent  spedes,  his 
been  found. 

All  the  distinguishable  remains  of  plants  in  tbe  lignite  and 
associated  beds  are  said  to  belong  to  dicotyledonous  trees  and 
shrubs,  bearing  a  close  resemblance  to  those  now  existing  in 
the  country.  The  same  is  declared  to  be  the  case  with  the 
remains  found  in  the  trachy  tic  tuffs  and  in  the  trass ;  but  the 
absolute  identi6cation  of  species  on  which  some  geologists  have 
insisted  must  be  received  with  great  caution. 

As  trachytic  tuff  has  been  observed  at  several  places  inter- 
stratified  with  the  clay  beds  of  the  brown  coal  formation,  and 
containing  the  same  impressions  of  plants,  there  can  be  do 
doubt  that  the  oldest  eruptions  began  when  ^the  fresh-water 
deposits  were  still  in  progress,  and  when  the  geographical 
features  of  the  country  must  have  been  extremely  different 
from  those  which  it  has  now  assumed. 

We  have  stated  that  the  volcanic  ejections  of  the  Roderberg 
repose  upon  a  bed  of  gravel.  This  gravel  forms  part  of  an 
ancient  alluvium  which  is  quite  distinct  in  character  from  that 
now  found  in  the  plains  of  the  valley  of  the  Rhine.  It  consists 
chiefly  of  quartz  pebbles,  and  is  found  at  considerable  eleva- 
tions both  on  the  gray wacke  and  brown  coal  beds.  It  forms 
indeed  a  general  capping  to  the  latter,  varying  from  ten  to 
thirty-five  feet  in  thickness,  and  was  probably  an  alluvium 
formed  at  tliat  period  when  the  ancient  lake,  in  which  the 
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brown  conl  strata  were  deposited,  wits  drained  ;  for  lite  disnp- 
IMBfance  of  that  great  boily  of  frcsli  water  may  naturally  bo 
Mippofiod  to  have  taken  plaice  when  ilie  country  was  undergoing 
0mi  changes  in  lis  physical  geography. 

^  Beds  and  large  veins  of  tjuarlz  are  found  in  the  Hnndsruck, 
Taunus,  and  Eifel,  the  nearest  monntain-chains  which  border 
this  part  of  the  Rhine,  and  their  degradation  may  have  sup- 
liljed  the  quartz  found  in  this  gravel  called  Kiesel  geroUe  by 
the  Germans, 

It  has  been  supposed  by  some  writers  that  the  latest  volcanic 
eruptions  of  the  Eifel  and  Rhine  coincided  in  epoch  with  the 
deposition  of  the  Loess  before  described  (chap.  xl).  Such  an 
association,  if  eslablished,  would  give  a  comparatively  recent 
date  to  the  most  modern  igneous  eruptions;  but  I  looked  in 
rain  for  any  clear  indications  of  such  a  connexion,  and  alt  the 
flections  which  I  saw  appeared  to  indicate  the  posteriority  of 
Ihe  Loess.  The  integrity  of  the  volcanic  cones  is,  for  reasons 
before  explained,  a  character  to  which  we  atinch  no  value. 

We  have,  therefore,  in  tliis  region,  graywaeke  covered  by 
brown  coal,  and  some  volcanic  formations  so  blended  with  llic 
Utter  as  to  prove  the  igneous  eruptions  to  have  been  contem- 
poraneous. Yet  when  we  endeavour  to  assign  a  chronological 
position  to  any  one  part  of  the  series  by  reference  lo  organic 
remains,  we  discover  that  the  evidence  is  vague  and  inconclu- 
sive. I  have  as  yet  been  unable  to  obtain  satisfactory  proof 
that  any  one  species  of  fossil  animal  or  plant  has  been  found 
in  the  brown  coal,  or  sujierimposed  formations  which  was  com- 
mon to  a  tertiary  group  of  knuwn  date  in  any  other  part  of 
Europe;  whereas  the  reader  will  bear  in  mind  that  the  relative 
age  of  different  tertiary  formations,  of  which  wc  have  before 
spoken,  was  usually  determined  by  reference  to  a  comparison  of 
several  hundred,  often  more  tha  n  a  thousand,  species  of  lestacea*. 

*  A  Diomoir  hna  lali>ly  been  communitalnl  to  the  Gi;o1ii(;icat  Society  of  Lou- 
don.  by  Mr.  Hotntii,  on  the  gculogy  of  lliii  districl.  Fur  fiillor  JvluUs  cunsult 
Noeggcnilli-s  RheiuUnil  Wnt^halcii,  uid  the  workl  o(  Vou  DccIidd,  Oycn- 
hjiucii,  Vun  Buch,   Ijti-iuingtr,  Vbd   ilvr  Wyck,  Scru[«,  Uuubeu]',  Li,'uiiLi«i''i 
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Bfiocene  period — Marine  formationi — Fmluni  of  Tonninr    ronnni'iMii  rfl 
Fftluni  of  the  Loire  and  the  Engtiah  Crag— Batin  of  the  Gironde  ni 
— FrealMrater  Umeitoiie  of  Saueata-^Poaition  of  the  Kmertone  ol 
Eocene  itrata  in  the  Bordeaux  baan— Inland  diff  near  I>aK — Sliaftift 
mont—Superg^a-- Valley  of  the  Bormida — Molaaae  of  Switaeiland— Biii^, 
Vienna — Styria— Hungary — ^Volhynia  and  Podulia — Montpellier. 

MIOCENE  FORMATIONS— MARINE. 

Having  treated  in  the  preceding  chapters  of  the  older  ol 
newer  Pliocene  fbrmations,  we  shall  next  consider  those  meB- 
bers  of  the  tertiary  series  which  we  have  termed  Miocene.  TIk 
distinguishing  characters  of  this  group,  as  derived  from  iti 
imbedded  fossil  testaoea,  have  been  explained  in  the  fifth  ditp- 
ter  (p.  54).  In  regard  to  the  relative  poniion  of  the  stntti, 
they  underlie  the  older  Pliocene,  and  overlie  the  Eocene  fcxrnm- 
tions,  when  any  of  these  happen  to  be  present. 

The  area  covered  by  the  marine,  fresh-water,  and  voksnic 
rocks  of  the  Miocene  period,  in  difierent  parts  of  Europe,  can 
already  be  proved  to  be  very  considerable,  for  they  occur  in 
Touraine,  in  the  basin  of  the  Loire,  and  still  more  extensively 
in  the  south  of  France,  between  the  Pyrenees  and  the  Gironde. 
They  have  also  been  observed  in  Piedmont,  near  Turin,  and 
in  the  neighbouring  valley  of  the  Bormida,  where  the  Apen« 
nines  branch  off  from  the  Alps.  They  are  largely  developed 
in  the  neighbourhood  of  Vienna  and  in  Styria ;  they  abound 
in  parts  of  Hungary ;  and  they  overspread  extensive  tracts  in 
Volhynia  and  Podolia. 

Shells  characteristic  of  the  Miocene  strata  are  found  in  all 
these  countries,  figures  of  some  of  which  are  given  in  Plate  2 
in  this  volume.  They  characterize  the  period,  because  they 
are  either  wanting  or  extremely  rare  in  the  Eocene  or  Pliocene 
formations. 

We  shall  now  proceed  to  notice  briefly  some  of  the  countries 


FALUSS  OF  TOURATNE. 

V^  enumerated  as  containing  monuments  of  the 
■^deration. 

'^ourai'ne. — Wg  have  already  alluded  to  the  proofs  of  super- 
LtioQ  adduced  by  M-  Desnoyere,  (o  show  that  the  shelly 
*»  provincially  called  '  the  Faluns  of  the  Loire '  were  pos- 
ts the  most  recent  fresh-water  formation  of  the  basin  of 
ft  S«me.  Their  position,  therefore,  shows  that  they  are  of 
Ww  origin  than  the  Eocene  strata, — more  recent,  at  least, 
■n  the  uppermost  beds  of  the  Paris  basin.  But  an  exami- 
ktion  of  their  fossil  contents  proves  also  (hat  they  are  refer- 
ible  to  that  type  which  distinguishes  the  Miocene  period. 
"When  three  hundred  of  the  Touraine  shells  were  compared 
with  more  than  eleven  hundred  of  the  Parisian  species,  there 
were  scarcely  more  thao  twenty  which  could  be  identified  ; 
and,  on  the  other  hand,  the  fossil  shells  of  the  Touraine  beds 
»gKe  fai'  less  with  the  testacea  now  inhabiting  our  seas  than 
docs  the  group  occurring  in  the  older  Pliocene  strata  of 
northern  Italy. 

The  Miocene  strata  of  the  Loire  have  been  observed  to 
repose  on  a  great  variety  of  older  rocks  between  Sologne  and 
the  sea,  in  which  line  they  are  seen  to  rest  successively  upon 
gneiss,  clay-slate,  coal-measures,  Jura  limestone,  greenstone, 
dialk,  and  lastly  upon  the  upper  frcsli-water  deposits  of  the 
basin  of  the  Seine.  They  consist  principally  of  quartzose 
gravel,  sand,  and  broken  shells.  The  beds  are  generally  iuco> 
herent,  but  sometimes  agglutinated  together  by  a  calcareous  or 
earthy  cement,  so  as  to  serve  as  a  building-stone.  Like  the 
shelly  portion  of  the  crag  of  Norfolk  and  Suffolk,  the  faluna 
and  associated  strata  are  of  slight  thickness,  not  exceeding 
seventy  feet.  They  often  bear  a  close  resemblance  to  the 
crag  in  appearance,  the  shells  being  stained  of  the  same  ferru- 
ginous colour,  and  being  in  the  same  state  of  decay ;  serving 
in  Touraine,  just  as  in  Norfolk  and  Suffolk,  to  fertilize  the 
I  arable  land.  Like  the  crag,  also,  they  contain  mammiferoUB 
I       remains,  which  are  not  only  intermixed  with  marine  shells,  but 
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terrestrial  quadrupeds  belong  to  the  genera  Maslcxton,  MhincHi 
ceros,  Hip])opotamiis,  &c.,  tlie  assemblage,  considered  as  «i 
whole,  being  very  distinct  from  those  of  the  Paris  gypsum. 

I  examined  several  detached  patches  of  the  Touraine  bcdat 
where  they  rest  on  primary  strata  in  tlie  environs  of  Nantes, 
particularly  one  locality  at  Les  Cleons,  about  eight  miles  south- 
east of  that  town,  and  was  struck  with  the  evidence  afTordcd  hy 
them  of  the  emergence  of  large  intervening  tracts  of  graniiic 
schist  since  the  Miocene  era,  wbtcli  we  might  otherwise  have 
supposed  to  have  been  raised  at  a  very  remote  epoch.  It  is 
probable  that  these  patches  of  tertiary  deposits  were  originally 
local,  having  been  thrown  down  wherever  the  set  of  the  tide* 
and  currents  permitted  an  accumulation  to  take  place. 

The  fuluns  and  contemporary  strata  of  the  basin  of  the  Loire 
may  be  considered  generally  as  having  been  formed  in  a  shallow 
sea,  into  which  a  river,  flowing  perhaps  from  some  of  the  lands 
now  drained  by  liie  Loire,  introduced  fi-om  time  to  time  flu- 
vialile  shells,  wootl,  and  the  bones  of  quadrupeds,  which  may 
have  been  washed  down  during  floods.  Some  of  these  bones 
have  precisely  the  same  black  colour  as  those  found  In  the 
peaty  shell-marl  of  Scotland  ;  and  we  might  imagine  them  to 
have  been  dyed  black  in  Miocene  peat  which  was  swept  down 
into  the  sea  during  the  waste  of  cliffs,  did  we  not  find  the 
remains  of  cetocea  in  the  same  strata,  bones,  for  example,  of 
the  lamantinc,  morse,  sea-calf,  and  dolphin,  having  precisely 
the  same  colour. 

Comparison  of  the  Faluns  of  the  Loire  and  the  Enylish 
Crag. — The  resemblance  which  M.  Desnoyers  has  pointed  out 
as  existing  between  the  English  (Tflg  and  the  French  /alum 
is  one  which  ought  hy  no  means  to  induce  us  to  ascribe  a  con- 
temporaneous origin  to  these  two  groups,  but  merely  a  simi- 
larity of  geographical  circumstances  at  the  respective  periods 
when  each  was  deposited.  lu  every  age,  where  there  is  land 
and  SCO,  there  must  be  shores,  shallow  estuaries,  and  rivers; 
ind  near  the  sea-coasts  banks  of  marine  shells  and  corals  may 
Cumulate.     It  must  also  be  expected  that  rivers  will  drifl  io 
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fresh-water  sliells,  logellier  wiih  sand  and  pebbles,  and  occa- 
aonally,  peiliaps,  sweep  down  the  carcasses  of  land  quadrupeds 
into  the  sea.  If  the  sand  and  shells,  both  of  the  'crag'  and 
the  '  faliins '  have  cacli  acquired  ilie  same  ferruginous  colour, 
Buch  a  coincidence  would  merely  lead  us  to  infer  that,  at  each 
period,  there  happened  to  be  springs  charged  with  iron,  which 
flowed  into  some  part  of  the  sea  or  basin  of  the  river,  by  which 
the  Kediment  was  carried  down  into  the  sea. 

Even  had  t!ie  French  and  English  strata  which  we  are 
comparing  shared  a  greater  number  of  mineral  characters  in 
common,  that  identity  could  not  have  justified  us  in  inferring 
the  synchronous  date  of  the  two  groups,  where  the  discordance 
of  fossil  remains  is  so  marked.  The  argument  which  infers  a 
contemporaneous  origin  from  correspondence  of  mineral  con- 
tents, proceeds  on  the  supposition  that  the  materials  were 
either  washed  down  from  a  common  source,  or  fioni  different 
sources  into  a  common  receptacle.  If,  according  to  the  latter 
hypothesis,  the  crag  and  the  fahiiis  were  thrown  down  in  one 
continuous  sea,  the  testacea  coidd  not  have  been  so  distinct  in 
two  very  contiguous  regions,  unless  we  assume  that  the  laws 
which  regulated  the  geographical  distribution  of  species  were 
then  distinct  from  those  now  prevailing.  But  if  jt  he  said 
that  the  two  basins  may  have  been  sepai'ated  from  each  other, 
as  are  those  of  the  Mediterranean  and  Ited  Soa,  by  an  isthmus, 
and  that  distinct  assemblages  of  species  may  have  flourished 
in  each,  as  in  the  example  above-mentioned  is  actually  the 
case  *,  we  may  reply  that  such  narrow  lines  of  demarcation 
are  extremely  rare  now,  and  must  have  been  inlinitcly  more  so 
in  remoter  tertiary  epochs,  because  there  can  be  no  doubt 
that  the  proporiion  of  land  to  sea  has  been  greatly  on  the 
iocrease  in  European  latitudes  during  the  more  modern  geolo- 
gical eras, 

In  thefalnns,  and  in  certain  groups  of  ihc  same  age,  whl 
occur  not  far  to  the  west  of  Orleans,  M.  Desnoyers  has  i\. 
covered  the  following  mammiferous  quadrupeds.     Palaolhe- 
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ruim  magnum,  Mastodon  angiisiidens,  Hippopofamua  major, 
and  H.  minuiiis.  Rhinoceros  lepiorhinus,  and  R.  minulua,  Ta- 
pir gigas,  Anfhracotkerium  (small  species),  Sun,  Equtis  (small 
species),  Cervus,  and  an  undetermined  species  of  the  Rodentia. 

The  first  species  on  this  list  is  common  to  the  Paris  gypsuroi 
and  is  tlierefore  an  example  of  a  land  quadruped  common  to 
the  Miocene  and  Eocene  formations,  an  exception  perfectly  in 
harmony  with  the  results  obtained  &om  the  study  of  fossil 
shells*. 

Basin  of  Ihe  Glronde  and  diatriel  of  the  Landet. — A  great 
extent  of  country  between  the  Pyrenees  and  the  Gironde  is 
overspread  by  tertiary  deposits  which  have  been  more  par- 
ticularly studied  in  the  environs  of  Bordeaus  and  Dax,  from 
whence  about  600  species  of  shells  have  been  obtained.  These 
shells  belong  to  the  same  type  as  those  of  Touraine. — See  Ap- 
pendix I.f 

Most  of  the  beds  near  Dax,  whence  these  shells  are  pro- 
cured, consist  of  incoherent  quartzosc  sand,  mixed  for  the  most 
part  with  calcareous  matter,  which  has  often  bound  together 
the  sand  into  concretionary  nodules.  A  great  abundance 
of  fiuviatile  shells  occur  in  many  places  inlermixcd  with  the 
marine ;  and  in  some  localities  microscopic  shells  are  in  great 
profusion. 

The  tertiary  dejmaits  in  this  part  of  France  are  often  very 
inconstant  in  their  mineralogical  character,  yet  admit  generally 
of  being  anaoged  in  four  groups,  which  are  enumerated  in  the 
explanation  of  diagram  No.  51. 

In  some  places  the  united  thickness  of  these  groups  ia  coni 
siderable,  hut  in  the  country  between  the  Pyrenees  and  the 
valley  of  the  Adour  around  Dax^  the  disturbed  secondary  rock« 

•  For  fiirther  detail!  respecting  the  basin  of  the  Loire,  see  M.  Desnoyen.Ann. 
dea  Sci.  Nut.,  tome  ni.  pp.  171  and  402,  whije  fuU  referunCM  to  other  author* 
lire  given. 

t  M.  de  Basterol  has  given  a  descripiion  ot  more  than  300  slielU  of  Bordeaux 
inbeT  or  tlium,    Ucm.  de  la  Sac.  d'Hift. 
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often  covered  by  a  thin  pellicle  only  of  tertiary  stratai 
_Ji  rests  horizontally  on  the  chalk  and  does  not  always 

^^  AdonrB.  Loy  R.  Pay  Artei.  No.  51. 


7«rfiivy  $trai9  ^pmrljfing  cMk  in  th§  mtvimti  of  Dm», 


m,  SiUeeont  sand  without  sbelb.  e,  Sand  and  marl  with  shellB. 

kf  GtawL  d,  Blue  marl  with  aholli • 

B,  Chalk  and  yolcanic  tu£ 

Jo  the  valleys  of  the  Adour  and  Luy,  sections  of  all  the 
■Mmbers  of  the  tertiary  series  are  laid  open^  but  the  lowest  blue 
marl,  which  is  sometimes  200  feet  thick^  is  not  often  pene- 
Chited.  On  the  banks  of  the  Luy^  however^  to  the  south  of 
Ilaz»  the  subjacent  white  chalk  is  exposed  in  inclined  and 
▼ertical  strata.  In  the  hill  called  Puy  Arzet  the  chalk,  charac- 
terised by  its  peculiar  fossils,  is  accompanied  by  beds  of  volcanic 
tuff,  which  are  conformable  to  it,  and  which  may  be  considered 
as  the  product  of  submarine  eruptions  which  took  place  in 
die  sea  wherein  the  chalk  was  formed. 

About  a  mile  west  of  Orth^,  in  the  Bas  Pyrenees,  the  blue 
marl  is  seen  to  extend  to  the  borders  of  the  tertiary  formation, 
and  rises  to  the  height  probably  of  six  or  seven  hundred  feet. 
In  that  locality  many  of  the  marine  Miocene  shells  preserve 
their  original  colours.  This  marl  is  covered  by  a  considerable 
thickness  of  ferruginous  gravel,  which  seems  to  increase  in 
volume  near  the  borders  of  the  tertiary  basin  on  the  side  of  the 
Pyrenees. 

In  an  opposite  direction,  to  the  north  of  Dax,  the  shelly 
sands  often  pass  into  calcareous  sandstone,  in  which  there  are 
merely  the  casts  of  shells  as  at  Carcares,  and  into  a  shelly  brec- 
cia resembling  some  rocks  of  recent  origin  which  I  have  re- 
ceived from  the  coral  reefs  of  the  Bermudas. 

Fresh-water  limestone  at  Saucats, — Associated  with  the  Mio- 
cene strata  near    Bordeaux,  at  a  place  called  Saucats,  is  a 


1 


208  MIOCKNK  PERIOD.  [CI1.XV, 

compact  fresh-watei'  limestone,  of  sliglit  thickness,  which  is  per- 
foroted  on  ihe  iip[Wr  surface  by  marine  shells,  for  the  moA 
part  of  extinct  species.  It  is  evident  tliat  the  space  must  have 
been  alternately  occupied  by  salt  and  fresh  water.  First,  a 
lagoon  may  have  been  formed,  in  which  the  water  may  have 
become  fresh  ;  then  a  barrier  of  sand,  by  which  tlie  sea  was 
excluded  for  a  time,  may  have  been  breached,  whereby  t!ie 
salt  water  again  obtained  access. 

Eocene  strata  in  the  Bordeaux  basin. — ^The  relations  of  some 
of  the  members  of  the  tertiary  series,  in  thebasinof  theGironde, 
have  of  late  affordeti  matter  of  controversy.  A  limestone,  re- 
sembling the  caicaire  grossier  of  Paris,  and  from  100  to  200 
feet  in  thickness,  occurs  at  Fauliac  and  Blaye,  and  extends  on 
the  right  bank  of  the  Gironde,  between  Blaye  and  La  Hoche. 
It  contains  many  species  of  fossils  identical  with  those  of  the 
Paris  basin.  This  fact  was  pointed  out  to  me  by  M,  Deshayes 
before  I  visiled  Blaye  in  1830;  but  alihough  I  recognized  the 
mineral  characters  of  the  rock  to  be  very  different  from  those 
of  the  Miocene  formations  in  the  immediate  neighbourhood 
of  Bordeaux,  I  had  not  time  to  verify  its  relative  position.  I 
inferred,  liowever,  the  inferiority  of  the  Blaye  limestone  to  the 
Miocene  strata,  from  the  order  in  which  each  series  presented 
itself  as  I  receded  from  the  chalk  and  passed  to  the  central 
parts  of  the  Bordeaux  basin. 

UjTon  leaving  tlie  white  chalk  with  flints,  in  travelling  from 
Charente  by  Blaye  to  Bordeaux,  I  first  found  myself  upon 
overlying  red  clay  and  sand  (as  at  Mirambeau}  ;  I  then  came 
upon  the  tertiary  limestone  above  alluded  to,  at  Blaye;  and 
lastly,  on  departing  stilt  farther  from  the  chalk,  reached  the 
strata  which  at  Bordeaux  and  Dax  contain  exclusively  the 
Miocene  shells. 

The  occurrence  both  of  Eocene  and  Miocene  fossils  in  the 
same  basin  of  the  Gironde,  had  been  cited  by  M,  BouJ  as  a 
fact  which  detracted  from  the  value  of  zoological  characters  aa 
ft  means  of  detemrming  tlie  chronological  relations  of  terliarj; 
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jroups.     But  on  farther  inquiry,  the  fact,  on  the  contrary,  has 

funiisiied  additional  grounds  of  confidence  in  these  ciiaracters. 

M.  Ch.  Deanioulins  replied,  in  answer  to  M.  Bout's  objec- 

tioiis,  that  the  assemblageof  Eocene  shells  ore  never  intermixed 

»ilh  those  found  in  the  '  moellon,'  as  he  calls  the  sandy  calca- 

fcous  rock  of  the  environs  of  Bordeaux  and  Dax ;  and  M, 

Dufrenoy  farther  stated,  that  the  hills  of  limestone  which  bor- 

dw  the  right  bank  of  the  Girondc,  from   Marmande  as  far  as 

filaye,  present  several  sections  wherein  the  Parisian  (or  Eocene) 

liiDestone  is  seen  to  be  separated  from  the  shelly  strata  called 

'iaiuns,'  or  '  moellon,'  by  a  fresh-water  formation  of  considtr- 

I  abie  thickness.     It  appears,  therefore,  that  as  the  marine  faluns 

r<tf  Touraine  rest  on  a  fresh-water  formation,  which  overlies  the 

Ljnarine  calcaire  grossier  of  Paris,  so  the  marine  Miocene  strata 

HCf  Bordeaux  are  separated  from  those  of  filaye  by  a  fresh- 

limter  deposit  *. 

The  following  diagram,  therefore,  will  express  the  order  of 
ij|WUlioD  of  the  groups  above  alluded  to. 
1^  No.  62. 


jf     a,  Ked  city  and  sand, 

'I    i,  limeiloDe  like  cal<:aiie  grassier,  lametimea  olteniatiDg  with  green   matl 

|t  and  containing  Eocene  shuUi, 

e,  Freth-walei  furmation,  name  as  that  of  the  depattment  uf  Lett  anil  Qaronnc 

d.  Tertiary  ttiata  uf  Iho  Landes,  villi  Miuceou  foiisila. 

ll 

l«    Inland  cliff  near  Dax. — A  few  miles  west  from  Dax,  and  at 

h^  distance  of  about  twelve  miles  from  the  sea,  a  steep  bank 

"g  Been  running  in  a  direction  nearly  north-cast  and  south-west, 

r  paraUel  to  the  contiguous  coast.     This  steep  dechvity,  or 

,  which  is  about  50  feet  in  height,  conducts  us  from  the 

Idgher  platform  of  the  Landes  to  a  lower  plain  which  extends 

B  the  sea.     The  outline  of  the  ground  might  suj^est  to  every 

nlogist  the  opinion,   that  the  bank  in  question  was   once 

•  BuUelin  de  la  Sac.  Gfol.  de  France,  tome  ii.  p.  44D. 
Vol.  UI.  P 
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a  sea-clifF,  wh^ii  the   whole  country  stood  at  a  lower  level 


No.  S3. 


Sietim  of  Mtwi  clif  at  Ahau,  near  Bat. 
a.  Sand  of  the  Landea.  ft,  Limestone.  e,  CIbj. 

relatively  to  the  sea.  But  this  can  no  longer  be  regarded 
as  matter  of  conjecture.  In  making  excavations  recently  for 
the  foundation  of  a.  building  at  Abessc,  a  quantity  of  loose 
sand,  which  formed  the  slope  d,  e,  was  removed,  and  a  perpen- 
dicular cJilF  exposed  about  50  feet  in  height.  The  bottom  of 
this  clilT  consists  of  limestone,  b,  which  contains  shells  and 
corals  of  Miocene  species,  and  is  probably  a  calcareous  form  of 
the  division  c  (diagram  No.  51,  p.  207).  Immediately  beW 
this  limestone  is  the  clay  c  (probably  iJ,  diagram  No.  51,  p.  207), 
and  above  it  the  usual  tertiary  sand  a  of  the  department 
of  the  Landes,  At  the  base  of  the  precipice  are  seen  large, 
partially-rounded,  masses  of  rock,  evidently  detached  from 
the  stratum  b.  The  face  of  the  limestone  is  hollowed  out 
and  weatliered  into  such  forms  as  are  seen  in  the  calcareoui 
cliffs  of  the  adjoining  coast,  especially  at  Biaritz,  near  Bayonne*. 
It  is  evident  that,  when  the  country  was  at  a  somewhat  lower 
level,  the  sea  advanced  along  the  surface  of  the  argillaceoui 
stratum  c,  which,  by  its  yielding  nature,  favoured  the  waste 
and  undermining  of  the  more  solid  superincumbent  limestone 
6.  Afterwards,  when  the  country  had  been  elevated,  pari  of 
the  sand  a  fell  down,  or  was  drifted  by  the  winds,  bo  as  to 
form  the  talus  d,  e,  which  masked  the  inland  cliS"  until  it  wm 
artificially  laid  open  to  view. 

The  situation  of  this  cliff  is  interesting,  as  marking  one  of 
the  pauses  which  intervened  between  the  successive  moTementi 
of  elevation  whereby  the  marine  tertiary  strata  of  this  country 

*  Thb  apot  was  pointed  out  to  me  bj  the  piofrietoi  of  the  lauda  of  Ahem  >■ 


Ch.XV.]  MOST  FBRRAT  A\D  THE  SUPKBGA.  211 

were  upheaved  to  tbeir  present  height,  a  pause  which  allowed 
time  for  the  sea  to  advance  and  strip  off  the  upper  beds  a,  b, 
from  the  denuded  clay  c. 

Hills  of  Mojil  Ferrat  and  the  Superga. — The  late  Stgnor 
BoDelli  of  Turin  was  the  first  who  remarked  that  the  tertiary 
shells  found  in  the  green  sand  and  marl  of  the  Superga  near 
Turin  differed,  as  a  group,  from  those  generally  characteristic 
of  the  Subapennine  beds.  The  same  naturalist  had  also  ob- 
served, that  many  of  the  species  peculiar  to  the  Superga  were 
identical  with  those  occurring  near  Bordeaux  and  Uax.  The 
strata  of  which  the  hill  of  the  Superga  is  composed,  are  inclined 
at  an  angle  of  more  than  70  degrees.  They  consist  partly  of  fine 
sand  and  mart,  and  partly  of  a  conglomerate  conijiosed  of  pri- 
mary boulders,  which  forms  a  lower  part  of  the  series,  and  not,  as 
represented  byM.  Brongniart  by  mistake*,  an  unconformable 
and  overlying  mass  +,  This  same  series  of  beds  is  more  largely 
developed  in  the  chain  of  Mont  Ferrat,  especially  in  the  basin 
of  the  Bormtda.  The  high  road  which  leads  from  Savona  to 
Alessandria  intersects  them  in  its  northern  descent,  and  the 
formation  may  be  well  studied  along  this  line  at  Carcare,  Cairo, 
and  Spinto,  at  all  which  localities  fossil  shells  occur  in  a  bright 
green  wnd.  At  Plana,  a  conglomerate,  inters! ratified  with  this 
green  sand,  contains  rounded  blocksof  serpentine  and  chlorite 
schist,  larger  than  those  near  the  summit  of  tiie  Superga,  some 
of  the  blocks  being  not  less  than  nine  feet  in  diameter. 

When  we  descend  to  Acjui,  we  find  Ihe  green  sand  giving 
place  to  bluish  marls,  which  also  skirt  the  plains  of  the  Tanaro 
at  lower  levels.  These  newer  marls  are  associated  with  sand, 
and  are  nearly  horizontal,  and  appear  to  belong  to  the  older 
Pliocene  Subapennine  strata  J.  The  shells  which  characterize 
the  latter,  abound  in  various  parts  of  the  counlry  near  Turin  ; 
but  that  region  has  not  yet  been  examined  with  sufficient  care 
to  enable  us  to  give  exact  sections  to  illustrate  the  superpo- 

•  Terriiiiia  du  Vicentin,  p.  26. 

f  1  eumiaed  the  Superga  in  compnny  with  Mi.  MurchUon  ia  18: 

I  Sve  wcUdu,  nooU-cut  No.  4,  p.  2 1 . 
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sition  of  tlie  Miocene  and  older  Pliocene  beds.  It  U,  however, 
aEcertained,  that  the  highly-incliced  green  sand,  which  comet 
immediately  in  contact  with  the  primary  rocks,  is  the  oldest 
part  of  the  series*. 

Molanse  of  SwUxerland. — If  we  cross  the  Alps,  and  pass  from 
Piedmont  to  Savoy,  we  find  there,  at  the  norttiern  hase  of  tlie 
great  chain  and  throughout  the  lower  country  of  Switzerland,  a 
soft  green  sandstone,  much  resembling  some  of  the  beds  of  the 
basin  of  the  Bormida,  above  described,  and  associated  in  a  similar 
manner  with  marls  and  conglomerate.  This  formation  is  called, 
in  Switzerland, '  molasse,'  said  to  be  derived  from  '  mol,'  'sojl! 
because  the  stone  is  easily  cut  in  the  quarry.  It  is  of  vast 
thickness,  but  shells  have  so  rarely  been  found  in  it  that  they 
do  not  supply  sufficient  data  for  correctly  determining  its  age. 
M.  Studer,  in  his  treatise  on  the  *  molasse,'  enumerates  some 
fossil  shells  found  near  Lucerne,  agreeing,  appai'ently,  with  the 
testacea  of  the  Subapennine  hills.  The  correspondence  in 
mineral  character  between  the  green  sand  of  Piedmont  and 
that  of  Switzerland  can  in  nowise  authorise  us  to  infer  identity 
of  age,  but  merely  to  conclude  that  both  have  been  derived 
from  the  degradation  of  similar  ancient  rocks. 

Until  the  place  of  the  '  molasse '  in  the  chronological  aeries 
of  tertiary  formations  has  been  more  rigorously  determined,  the 
spplication  of  this  provincial  name  to  the  tertiary  groups  of 
other  countries  must  prove  asourceof  ambiguity,  and  we  regret 
that  the  term  has  been  so  vaguely  employed  by  M.  Boue, 

Styria,  Vienna,  Hungary,  Sf-c. — Of  the  various  groups  which 
have  hitherto  been  referred  to  the  Miocene  era,  none  are  so 
important  in  thickness  and  geographical  extent  as  those  which 
are  found  at  the  eastern  extremity  of  the  Alps,  in  what  have 
been  termed  the  basins  of  Vienna  and  Styria,  and  which  spread 
thence  into  the  plains  of  Hungary,  The  collection  of  shelli 
formed  by  M.  Constant  Prevost,  in  the   neighbourhood  of 

*  We  trust  that  MM.  Pareto,  Fajtui,  SiamaadB,  uid  La  Marmora,  wiU  ilctoU 
tbeii  attealian  to  the  lelntive  jiositioa  of  the  leveral  groupi  of  tertiuy  atnla  i> 
Kcdoioat,  b;  inililuting  a  ccmpuiioii  between  Ibeii  leapeclive  organic  remai 
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Vienna,  and  described  by  liim  in  1820  *,  were  alone  sufficient 
to  identify  a  great  part  of  the  formations  of  that  country  with 
the  Miocene  beds  of  the  Loire,  Gironde,  and  Piedmont.  The 
fossil  remains  subsequently  procured  by  that  indefatigable 
observer  M.  Boufe  have  served  to  show  the  still  greater  range 
of  the  same  beds  through  Hungary  and  Transylvania. 

It  appears  from  the  recently  published  memoirs  of  Professor 
Sedgwick  and  Kir.  Murchiaonf,  that  the  formations  in  Styria 
may  be  divided  into  groups  corresponding  to  those  adopted  by 
Jl.Partsch  for  the  Vienna  beds;  the  basin  of  Vienna  exhibiting 
nearly  the  same  phenomena  as  that  of  Styria.  These  regions 
have  evidently  formed,  during  the  Miocene  period,  two  deep 
bays  of  the  same  sea,  separated  from  each  other  by  a  great 
promontory  connected  with  the  central  ridge  of  the  eastern 
Alps. 

The  English  geologists,  above  mentioned,  describe  a  long 
succession  of  marine  strata  intenening  between  the  Alps  and 
ihe  pliunsof  Hungary,  which  are  divisible  into  three  natural 
groiipS)  each  of  vast  thickness,  and  affording  a  great  variety  of 
rocks.  All  these  groups  are  of  marine  origin,  and  lie  in  nearly 
horizontal  strata,  but  have  a  slight  prevailing  easterly  dip,  so 
that,  in  traversing  them  from  west  to  east,  we  commence  with 
the  oldest  and  end  with  the  youngest  beds.  At  their  western 
extremity  they  till  an  irregular  trough-shaped  depression, 
through  which  the  waters  of  the  Mur,  the  Raab,  and  the 
Drave,  make  their  way  to  the  lower  Danube  J.  They  here 
consist  of  conglomerate,  sandstone,  and  marls,  some  of  the 
marls  containing  marine  shells.  Beds  also  of  lignite  occur, 
showing  that  wood  was  drifted  down  in  large  quantities 
into  the  sea.  In  parts  of  the  series  there  are  masses  of  rounded 
siliceous  pebbles  resembling  the  shingle  banks  which  arc  form- 
ing on  some  of  our  coasts. 

The  second  principal  group  is  characterized  by  coralline 

"  Joum»l  da  Physiqus,  Navembre,  1820. 
t  Geol.  Tiiuu.,  Second  Seiiei,  vol.  iu.  p.  301,  J  ibiil.,  p,  362. 
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and  oooeretionary  limestone  of  a  yellowish  white  ooloor:  kh 
finely  exposed  in  the  escarpments  of  Wildon,  and  m  the  tt 
of  Ehrenhausen,  on  the  right  bank  of  the  Mur  *.    TUscnl- 
line  limestone  is  not  less  than  400  feet  thick  at  WildoQ,al 
exceeds,  therefore,  some  of   the  most  considerable  d  m 
secondary  groups  in  England,  as,   for  example,  the  ^Conl 

Bagt* 

Beds  of  sandstone,  sand,  and  shale,  and  calcareous  mttli>«i 

associated  with  the  above-mentioned  limestone. 

The  third  group,  which  occurs  at  a  still  greater  distan 
from  the  mountmns,  is  composed  of  sandstone  and  marl,  aodot 
beds  of  limestone,  exhibiting  here  and  there  a  perfectly  oofitic 
structure.     In  this  system  fos«l  shells  are  numerous. 

It  is  by  no  means  clear  that  the  coralline  limestones  of  the 
second  group,  are  posterior  in  origin  to  all  the  beds  of  the  fint 
division  ;  they  may  possibly  have  been  formed  at  some  distsDoe 
from  land,  while  the  head  of  the  gulf  was  becoming  filled  up 
with  enormous  deposits  of  gravel,  sand,  and  mud,  which  mtj, 
in  that  quarter,  have  rendered  the  waters  too  turbid  for  the 
fullest  development  of  testaceous  and  coralline  animals. 

In  regard  to  the  age  of  the  formations  above  described,  we 
may  observe  that  the  middle  group,  both  in  the  basins  of  Stym 
and  Vienna,  belongs  indisputably  to  the  Miocene  period,  for 
the  species  of  shells  are  the  same  as  those  of  the  Loire,  Gironde, 
and  other  contemporary  basins  before  noticed.  Whether  the 
lowest  and  uppermost  systems  are  referrible  to  the  same,  or  to 
distinct  tertiary  epochs,  is  the  only  question.  We  cannot  doubt 
that  the  accumulation  of  so  vast  a  succession  of  beds  required 
an  immense  lapse  of  ages,  and  we  are  prepared  to  find  some 
difierence  in  the  species  characterizing  the  difierent  members 
of  the  series ;  nevertheless,  all  may  belong  to  different  sub- 
divisions of  the  Miocene  period.  Professor  Sedgwick  and  Mr. 
Murchison  have  suggested  that  the  inferior,  or  first  group, 
which  comprises  the  strata  between  the  Alps  and  the  coralline 

*  OeoL  TnuM^  Second  Series,  vol.  iii.  p.  3S5.  f  Ibid.,  p.  390. 
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^•*eMone  of  Wildon,  may  correspond  in  age  to  the  Paris  basin  ,- 
?'**t  the  list  of  fossils  which  they  have  given,  seems  rather  to 
^*^mir  ihe  supposition,  chat  the  deposit  ia  of  the  Miocene  era. 
■*7hcj'  enumerate  four  eharacterislic  Miocene  fossils, — Mytilus 
'■iBnirdii,  Ceriihium  piclum,  C.  pupasforme,  and  C.  pticatum, — 
•hd  if  there  are  some  few  of  tlie  associated  sheila  common  to 
the  Paris  basin,  such  a  coincidence  is  no  moic  tiian  holds  true 
in  regard  to  all  the  European  Miocene  formations. 

On  the  other  hand,  the  third  or  newest  system,  which  over- 
lies the  coralline  limestone,  contains  fossils  which  do  not  appear 
lo  depart  so  widely  from  the  Miocene  type  as  to  authorize  us 
to  separate  them.  They  appear  to  agree  with  the  tertiary 
strata  of  a  great  part  of  Hungary  and  Transylvania,  which 
will  be  seen,  by  the  tables  of  shells  in  Appendix  I,,  to  be  re- 
ferrible  to  the  Miocene  period. 

Volhynia  and  Podolia. — We  may  expect  to  find  many  other 
districts  in  £urope  composed  of  Miocene  strata,  and  there  ap- 
pears already  to  be  sufficient  evidence  that  the  marine  deposits 
of  the  platform  of  Volhynia  and  Podolia  were  of  this  era. 
'  The  fossils  of  that  region,  which  is  bounded  by  Galicia  on  the 
west,  and  the  Ukraine  on  the  cast,  and  comprises  parts  of  the 
ba«ns  of  the  Bog  and  the  Dniester,  has  been  investigated  by 
Von  Buch,  Eichwald,  and  Du  Bois,  and  the  latter  has  given 
excellent  plates  of  more  than  one  hundred  fossil  shells  of  the 
country,  which  M-  Deshayes  finds  to  agree  decidedly  with  the 
fossils  of  the  Miocene  period  *. 

The  formation  consists  of  different  rocks,  sand  and  sand- 
stone, clay,  coarse  limestone,  and  a  white  oolite,  the  last  of 
which  is  of  great  extent. 

MonfpellieT. — The  tertiary  strata  of  Montpellier  contain 
many  of  the  Dax  and  Bordeaux  species  of  shells,  so  that  they 
are  probably  referrible  to  the  Miocene  epoch  ;  but  in  the  cata- 
logue given  by  M.  Marcel  de  Serres,  many  Pliocene  species, 
nmilar  to  those  of  the  Subapcnnine  beds,   are  cnumeratedj^j 

B^B^  Ctmch.  FoK.  du  riulenu  Wolhy ni-Paclu,  par  F.  du  Boil.    Beclin,  la31.^^| 
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Tills  subject  requires  fuller  investigation,  and  it  would  be 
highly  interesting  if  the  Montpellier  beds  should  be  found  lo 
indicate  a  passage  from  the  fossils  of  the  Miocene  type  to  those 
of  tlie  older  Pliocene.  "We  are  fully  prepared  for  the  tlis- 
covery  of  such  intermediate  links,  and  we  have  endcavonrrd  lo 
provide  a  place  for  them  in  the  elassificalion  proposed  in  llie 
fifth  chapter*. 

•  Page  57. 
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— Auvergoe — Mont   Petriur — Extinct   (juadtujiedi — VeUy-— J 
uiDB  cantcmporancDiis   with    Faluns  of  Tuuraine — Kliucene 
ih-mter  foimalions — Upper  Val  d'Aroo — Eiliiirt  raammfllia — Coal  of  Coili- 
lilioceua  Tolcanie    rack* — Hungary — Tramjlvaiiia — Styria — Auvergno 

-VtUj-. 

'»  the  present  chapter  we  shall  offer  some  observations  on  the 
lluviums  and  fresh-water  formations  of  the  Atiocene  era,  and 
^tall  afterwards  point  out  the  countries  in  Europe  where  the 
"Yolcanic  rocks  of  the  same  period  may  be  studied. 

MIOCENE  AIjLUVIL'MS. 

Auvergne. — The  annexed  drawing  will  explain  to  the  reader 
the  position  of  two  ancient  beds  of  alluvium,  c  and  e,  in  Au- 

No,  64, 


a.  Newer  alliiiriiun.  e,  First  Miocene  alluvium  vith  bonei. 

b.  Second  trachytic  brcecia.  J\  CDmiuict  basalt 

c.  Second  Miocene  alluvium  with  bonei.  ff.  Eocene  lacustrine  girala, 
(f,  Fint  traeliylic  breccia. 

vergnc,  in  which  the  remains  of  several  quarirupeds  character- 
istic of  the  Miocene  period  have  l)ecn  obtained.  In  order  to 
account  for  the  situation  of  these  beds  of  rounded  pebbles  and 
sand,  we  must  suppose  that  after  the  tertiary  strata  g,  covered 
by  the  basaltic  lava  /,  had  been  disturbed  and  exposed  to 
aqueous  denudation,  a  valley  was  excavated,  wherein  the  allu- 
vium e  accumulated,  and  in  which  the  remains  of  quadrupeds 
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then  inliabiting  the  country  were  buried.  The  trachjtic 
breccia  d  was  then  superimposed  ;  this  breccia  is  an  aggregate 
of  shapeless  and  angular  fragments  of  trachyte,  cemented  by 
volcanic  tuff  and  pumice,  resembling  some  of  the  breccias 
which  enter  into  the  composition  of  the  neighbouring  extinct 
volcano  of  Mont  Dor  in  Auvergne,  or  those  which  are  found 
in  Etna.  Upon  this  rests  another  alluvium  c,  which  also  con- 
tains the  bones  of  Miocene  species,  and  this  is  covered  bj 
another  enormous  mass  of  tufaceous  breccia.  We  suppose  the 
breccias  to  liave  resulted  from  the  sudden  rush  of  targe  bodies 
of  water  down  the  sides  of  an  elevated  volcano  at  its  moments 
of  eruption,  when  snow  perhaps  was  melted  by  lava.  Sucli 
floods  occur  in  Iceland,  sweeping  away  loose  blocks  of  lava 
and  ejections  surrounding  the  crater,  and  then  strewing  the 
plains  with  fragments  of  igneous  rocks,  enveloped  in  mud  or 
•  moya.'  The  abrupt  escarpment  presented  by  the  above- 
described  beds,  b,  c,  d,  e,  towards  the  valley  of  the  Couze,  must 
have  been  caused  by  subsecpient  erosion,  whereby  a  large  por- 
tion of  those  masses  has  been  carried  away  *. 

In  the  alluviums  c  andc,  MM.  Croizet,  Jobert,  Chabriol.and 
Bouillet  have  discovered  the  remains  of  about  forty  species 
of  extinct  mammalia,  the  greater  part  of  which  are  peculiar 
as  yet  to  this  locality ;  but  some  of  them  characteristic  of  the 
Miocene  period,  being  common  to  the  faluns  of  Tounune,  and 
associated  in  other  localities  with  marine  Miocene  strata. 
Among  these  species  may  be  enumerated  Mastodon  minor 
and  M.  arvernensis,  Hippopotamus  major,  Rhinoceros  lep- 
torhinus  and  Tapir  arvernensis.  The  Elephas  primigenius,  a 
species  common  to  so  many  tertiary  periods,  is  also  stated  to 
accompany  the  rest.  In  some  cases  the  remains  are  not  suf- 
ficiently characteristic  to  indicate  the  exact  species,  but  the 
following  genera  can  be  determined:  llie  boar,  horse,  ox, 
hyeeiia  (two  species),  fcha  (three  or  four  speciesj,  bear  (three 

■  For  an  account  of  the  poiitioa  tai  age  of  tbu  lolcunie  breccia*  of  Mnnt 
Ferriei  and  Buulode,  see  Lyell  oud  MurchUou  on  the  bcda  of  Moat  F«riiar,  X<L 
New  Pha.  JoucD.,  July,  1829,  p.  15. 
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m),  deer,  a  great  varieiy,  canis,  otter,  beaver,  hare,  and 
Wer-rat  •- 

yetay. — In  Velay  a  somewhat  similar  group  of  matnmiferous 
dns  were  found  by  Dr.  Hibbert  f ,  in  a  bed  of  volcanic 
e  and  tuff,  inclosed  between  two  beds  of  basaltic  lava,  at 
Slunt-Privat  d'Allier.  Some  of  the  bones  were  found  ad- 
tiering  to  the  slaggy  lava.  Among  the  animals  were  Rhino- 
i  leptorhinus,  Hyiena  speltea,  and  another  species  allied 
I  to  the  spotted  hysena  of  the  Cape,  together  with  four  undeter- 
I  mined  species  of  deer  |. 

At  Cussac  and  Solilhac,  one  league  from  Puy  en  Velay. 
M.  Robert  discovered,  in  an  ancient  alluvium  covered  with 
lava,  the  remains  of  Eleplias  primigenius,  Rhinoceros  lepto- 
rhinus. Tapir  arvcinensis,  horse  [two  species),  deer  (seven  spe- 
cies), ox  (two  species),  and  an  antelope. 

OrleanaU. — In  the  Orleanais,  at  Avaray,  Chevilly,  les  Aides, 
and  les  Barres,  fossil  land  quadrupeds  have  been  found  asso- 
ciated with  fluviatile  shells  and  reptiles,  identical  with  those 
found  in  the  marine  faluns  nf  Tourainc§.  These  are  sup- 
posed, with  great  probability,  by  M.  Desnoyers,  to  mark  ihe 
passage  of  streams  which  flowed  towards  the  sea  in  which  the 
faluns  were  deposited.  They  bear  the  same  relation  to  the 
Miocene  strata  of  Touraine,  as  part  of  the  ancient  gravel  and 
flilt  of  England,  containing  the  liones  of  elephants  and  other 
extinct  animals,  probably  bear  to  the  crag, 

MIOCENE  THKBH-WATKR  FORMATIONS. 

Upper  Val  d'Amo. — There  are  a  great  number  of  isolated 
tertiary  formations,  of  fresh-water  origin,  resting  on  primary 
and  secondary  rocks  in  different  parts  of  Europe,  in  the  same 

*  R«ch*Khef  lur  les  0)1.  Tou.  dii  D^pl.  dii  Piiy  ilc  Dome,  4la.,  ISSS.— Ktt^ 
'!      OmI.  at  Uine»l.  aui  lot  BnvirDal  d'Inaire,  Dfpt.  du  Puy  tin  Udhis,  folia,  IS2T. 

t  Ellin.  Jouni.  o!  Sci.,  No,  4,  New  Serieii,  p.  2TG. 
I  J  Figures  of  tome  of  these  remains  ore  giien  liy  M.  Bertruid  de  Doue,  .Inn,  d« 

U  Sdc  d'A|^cu1t.de  Puy,  1B28. 

}  HH.  Deanoyen  uid  Lockoit,  BuUetin  de  1ft  Soe.  Otol^  torn.  ii.  p.  336. 
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manner  as  we  now  find  small  lakes  scattered  over  our  con- 
tinents and  islands  wherein  deposits  are  forming,  quite  de- 
taclied  from  all  contemporary  marine  strata.  To  determine 
the  age  of  such  groups  with  reference  to  the  great  clironolo- 
gicul  series  established  for  the  marine  strata,  must  often  be  a 
matter  of  difficulty,  since  we  cannot  always  enjoy  an  oppor- 
tunity of  studying  a  locality  where  the  fresh-water  species  are 
intermixed  with  marine  shells,  or  where  they  occur  in  beds 
altirnating  with  marine  strata. 

The  deposit  of  the  Upper  Val  d'Amo  before  alluded  to, 
(p.  161)  was  evidently  formed  in  an  ancient  lake ;  but  although 
the  fossil  testaceous  and  mammiferous  remains  preserved 
therein  are  very  numerous,  it  is  scarcely  possible,  at  present, 
to  decide  with  certainty  the  precise  era  to  which  they  belong. 
I  collected  six  species  of  lacustrine  shells,  in  an  excellent 
stale  of  preservation,  from  this  basin  belonging  to  the  genera 
Anodon,  Paludina  and  Neritina ;  but  M.  Deshayes  was  unable 
to  identify  them  with  any  recent  or  fossil  species  known 
to  him.  If  the  beds  belonged  to  the  older  Pliocene  forma- 
tions we  migiit  expect  that  several  of  the  fossils  would  agree 
specifically  with  living  testacea ;  and  we  are  therefore  disposed 
to  believe  that  they  belong  to  an  older  epoch.  If  we  consider 
the  terrestrial  mammalia  of  the  same  beds,  we  immediately 
perceive  that  they  cannot  be  assimilated  to  the  Eocene  type, 
as  exhibited  in  the  Paris  basin,  or  in  Auvergne  and  Velay ; 
but  some  of  them  agree  with  Miocene  species.  Mr.  Pcntland 
has  obligingly  sent  me  the  following  list  of  the  fossil  mammifers 
of  the  Upper   Val   d'Amo   which  are    in  the  museums  of 

Paris. Fera. — Ursuscultridens,ViverraValdarnensis,Canis 

lupus,  and  another  of  the  size  of  the  common  fox.  Hytena 
radiata,  H.  fossilis.  Felis  (a  new  species  of  the  size  of  the 
panther).  Rodmlia. — Hislris,  nearly  aUied  to  dorsalis.  Castor. 
Pachijdermata. — Elephas  Itahcus,  Mastodon  angustidens,  M. 

Taperoides,  Tapir ■,  Equus ,  Sus  scrofa,  Ilhinoceros 

leptorhinus.  Hippopotamus   major,  fossilis.    Rumijianfia. — 
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Cervus  megaceros,  (?)  C.  Valdarnensis,  C. ,  new   species, 

Bos,  bubalo  affinis,  B.  urus  and  B.  taiirus, 

Cuvier  also  mentions  tlie  remains  of  a  species  of  lopliiotlon 
as  occurring  among  tiie  bones  in  the  Upper  Val  d'Arno*. 
The  elephant  of  this  locality  has  been  called  by  Nestif  meri- 
dumatis,  and  is  considered  by  him  as  distinct  from  the  Siberian 
fossil  species  E.  primigenius,  with  which,  however,  some  eminent 
comparative  anatomists  regard  it  as  identical.  The  skeletons 
of  the  hippopotamus  arc  exceedingly  abundant ;  no  less  than 
forty  had  been  procured  when  I  visited  Florence  in  1828. 
Remains  of  the  elephant,  stag,  ox,  and  horse,  are  also  ex- 
tremely numerous.  In  winter  the  superficial  degradation  of 
the  soil  is  so  rapid,  that  bones  which  the  year  before  were 
buried  are  seen  to  project  from  the  surface  of  the  soil,  and 
are  described  by  the  peasants  as  growing.  In  this  manner  the 
tips  of  the  horns  of  stags,  or  of  the  tusks  of  hippopotamuses 
often  appear  on  the  surface,  and  thus  lead  to  the  discovery  of 
an  entire  head  or  skeleton. 

Cadibana. — Another  example  of  an  isolated  lacustrine  de- 
posit, belonging  possibly  to  the  Miocene  period,  is  that  which 
occurs  at  Cadibona,  between  Savons  and  Carcare.  Its  [xtsition 
is  described  in  the  annexed  section,  wliich  does  not  however 


yellow  soDil  (older  FUocene). 
b.  Sand,  ihile  and  coal  of  Ciwllbona  (Miocene  ?). 
a.  Green  sand,  &c.  nribe  Botmida  CMmeenL'). 
d.  Chloritic  luid  micBceouB  Bcliisl,  serpentine,  Ac. 

pretend  to  accuracy  in  regard  to  the  relative  heights  of  the 
different  rocks,  or  the  distances  of  the  places  from  each  other. 

I.  Fobs.,  vol.  v.  p.  504. 
L't  Letteie  sopra  alcime  Ona  Foiiili  del  Val  d'AniD,  &c.     Pisa,  1823. 


1 


222  MIOCENE  PKBIOD.  [Ch.  XVI. 

The  lacustrine  strata  are  composed  of  gravel,  grit,  and  mica- 
ceous sandstone,  of  such  materialB  as  were  derivable  from  the 
surrounding  primary  rocks ;  and  so  great  is  the  thickness  of 
this  mass,  that  some  valleys  intersect  it  to  the  depth  of  seven 
or  eight  hundred  feet  without  penetrating  to  the  subjacent  for- 
mations. In  one  part  of  the  series,  carbonaceous  shales  occur, 
and  several  seams  of  coal  from  two  to  sis  feel  in  thickness,  but 
no  impressions  of  plants  of  which  the  species  could  be  deter- 
mined, and  no  shells  have  been  discovered.  Many  entire  jawi 
and  other  bones  of  an  extinct  mammifer,  called  by  Cuvier  An- 
thracotherium,  have  been  found  in  the  coaUbeda,  the  bone 
being  itself  changed  into  a  kind  of  eoal ;  but  as  this  species 
does  not  occur  elsewhere  in  association  with  organic  remains 
of  known  date,  it  affords  us  no  aid  in  our  attempt  to  assign  a 
place  to  the  lignites  of  Cadibona  *. 

MIOCENE  VOLCANIC  ROCKS. 

Hungary.- — M.  Beudant,  in  his  elaborate  work  on  Hungary, 
describes  five  distinct  groups  of  volcanic  rocks,  which,  although 
rarely  of  great  extent,  form  striking  features  in  the  physical 
geography  of  that  country,  rising  as  they  do  abruptly  from 
extensive  plains  composed  of  tertiary  strata.  They  may  have 
constituted  islands  in  the  ancient  sea,  as  Santorin  and  Milo 
now  do  in  the  Grecian  archipelago;  and  M.  Beudant  has  re- 
marked that  the  mineral  products  of  the  last- mentioned  islands 
resemble  remarkably  those  of  the  Hungarian  extinct  volcanos, 
where  many  of  the  same  minerals,  as  opal,  calcedony,  resinous 
silex  (si/ex  Tesinite),  pearlite,  obsidian,  and  pitchstone  abound. 

The  Hungarian  lavas  are  cJiiefly  felspathic,  consisting  of 
different  varieties  of  trachyte ;  many  are  cellular  and  used  as 
millstones ;  some  so  porous  and  even  scoriform  as  to  resemble 
those  which  have  issued  in  tlie  open  air.  Pumice  occurs 
in   great  quantity,  and  there  are  conglomerates,  or  ratbtf 

>  The  ftullioc(IaitedCadib«na  in  August,  182S,  incompaDy  witbMi.MurduwD. 
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brecdaa,  wherein  fragments  of  trachyte  are  bound  together  by 
pmniceous  tuff  or  sometimes  by  silex. 

It  is  probable  that  these  rocks  were  permeated  by  the  waters 
of  liot  springs,  impregnated,  like  the  Geysers,  with  silica ;  or,  in 
wmc  instances  perhaps,  by  aqueous  vapours,  which,  like  those 
of  Lancerole,  may  have  precipitated  hydrate  of  silica  *, 

By  the  influence  of  such  springs  or  vapours  the  trunks  and 
branches  of  trees  washed  down  during  floods,  and  buried  in 
luffs  on  the  flanks  of  the  mountains,  may  have  become  silicified. 
It  is  scarcely  possible,  says  M.  Ueudant,  to  dig  into  any  of 
the  pumiceous  deposits  of  these  mountains  without  meeting 
with  opalized  wood,  and  sometimes  entire  silicified  trunks  of 
trees  of  great  size  and  weight. 

It  appears  from  the  species  of  shells  collected  principally  by 
M.  Boue,  and  examined  by  M.  Deshayes,  thai  the  fossil  re- 
mains imbedded  in  the  volcanic  tuffs,  and  in  strata  alternating 
with  them  in  Hungary,  are  of  the  Miocene  type,  and  no 
ideoUcal,  as  was  formerly  supposed,  with  the  fossils  of  the 
Paris  basin. 

Transylvania. — The  igneous  rocks  of  the  eastern  part  of 
Transylvania  described  by  M.  Boue,  are  probably  of  the 
same  age.  Tliey  cover  a  considerable  area,  and  bear  a  close 
resemblance  to  the  Hungarian  lavas,  being  chiefly  trachytic. 
Several  large  cratei's,  containing  shallow  lakes  like  the  Maars 
of  the  Eifel,  are  met  with  in  some  regions;  and  a  rent  in  llie 
trachytic  mountains  of  Budoshagy  exhales  hot  sulphureous 
vapours,  which  convert  the  trachyte  into  alum-stone,  a  change 
which  that  rock  has  undergone  at  remote  periods  in  several 
parts  of  Hungary. 

Styria. — Many  of  the  volcanic  gioups  of  this  country  bear 
a  similar  relation  to  the  Styrian  tertiary  deposits,  as  do  ihe 
Hungarian  rocks  to  the  marine  strata  of  that  country.  The 
shells  are  found  imbedded  in  the  volcanic  tuffs  in  such  a 
manner  as  to  show  that  they  lived  in  the  sea  when  the  volcanic 
eruptions  were  in  progress,  as  many  of  the  Val  di  Nolo  lavas 
*  Bee  Above,  voU  i.  chip.  xziL 
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in  Sicily,  before  described,  were  shown  to  be  contemporaneous 
with  newer  Pliocene  sirata  *. 

Auvergne — Velat/. — We  believe  that  part  of  the  volcanic 
eruptions  of  Auvergne  took  place  during  the  Miocene  period  ; 
those,  for  example,  ivliicli  cover,  or  are  inters! ratified  with  the 
alluviums  mentioned  in  this  chapter,  and  some  of  the  ancient 
basaltic  cappings  of  hills  in  Auvergne,  which  repose  on  gravel 
characterized  by  similar  organic  remains.  A  part  also  of  the 
igneous  rocks  of  Velay  belong  to  this  epoch,  but  to  these  we 
shall  again  refer  when  we  treat  more  fully  of  the  volcanic  rocks 
of  Central  France ;  the  older  part  of  which  are  referrible  to  the 
Eocene  period. 


■  Sedg;wick  oqd  MuTcbison,  Geol.  Tiai 
OaubcDf ,  Extinct  Volunoi,  p.  92. 


.   Second  Seriw,  Tol.  iii.  p,  400.— 
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We  have  now  traced  back  the  history  of  tlie  European  fof- 
mations  to  tliat  period  nheii  itie  seas  and  ]al<cs  were  inhabited 
by  a  few  only  of  the  existing  species  of  tcstacea,  a  period 
which  we  have  designated  Eocene,  as  indicating  the  dawn  of  the 
present  state  of  the  animate  creation.  But  although  a  small 
number  only  of  the  living  species  of  animals  were  then  in  being, 
there  are  ample  grounds  for  inferring  that  all  the  great  classes 
of  the  animal  kingdom,  such  as  tlicy  now  exist,  were  then  fully 
represented.  In  regard  to  the  testncea,  indeed,  it  is  no  longer 
a  matter  of  inference,  for  1400  species  of  this  class  have  been 
obtained  from  that  small  number  of  detached  Eocene  deposits 
which  have  hitherto  been  examined  in  Europe. 

The  celebrated  Paris  basin,  the  position  of  which  was 
pointed  out  in  the  former  part  of  this  volume,  (see  wootl-cut, 
p.  16)  first  presents  itself,  and  seems  to  claim  our  cliiof 
attention  when  we  treat  of  the  phenomena  of  this  era.  But 
in  order  more  easily  to  explain  to  the  student  ihe  peculiar 
nature  and  origin  of  that  group,  it  will  be  desirable,  first,  lo 
give  a  brief  sketch  of  certain  deposits  of  Central  France,  which 
afford  many  interesting  points  of  analogy,  both  in  organic 
remains  and  mineral  composition,  and  where  the  original  cir- 
cumstances under  which  the  strata  were  accumulnted  may 
more  easily  be  discerned. 

Vol.  J/;.  Q 
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Auvergne. — We  allude  to  the 

acustrine  basins  of  Auver^e, 

Cantal,  and  Velay,  the  site   o 

which   may  be  seen  in   the 

No.  56. 
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annexed  Map  •.  They  appear  lo  be  the  monuments  of  ancient 
lakes  which  may  have  resembled  in  geographical  distribution 
some  of  those  now  existing  in  Switzerland,  and  may  hke  them 
have  occupied  the  depressions  in  a  mountainous  country,  and 
have  been  each  fed  by  one  or  more  rivers  and  torrenla.  The 
country  where  they  occur  is  almost  entirely  composed  of 
granite,  and  different  varieties  of  granitic  schist,  with  here 
and  there  a  few  jiatches  of  secondary  strata  muc!i  dislocated, 
and  which  have  probably  suffered  great  denudation.  There 
are  also  some  vast  piles  of  volcanic  rock,  (sec  the  Map,)  the 
greater  part  of  which  are  newer  than  the  fresh-water  strata, 
often  resting  upon  them,  whilst  a  small  part  were  evidently  of 
contemporaneous  origin.  Of  these  igneous  rocks  we  shall  treat 
more  particularly  in  the  nineteenth  chapter,  and  shall  first  turn 
our  attention  exclusively  to  the  lacustrine  beds. 

The  most  northern  of  the  fresh-water  groups  is  situated  in 
the  valley-plain  of  the  Allier,  which  lies  within  the  department 
of  the  Puy  de  Dome,  being  the  tract  which  went  fonneriy  by 
the  name  of  the  Limagne  d'Auvergne.  It  is  inclosed  by  two 
parallel  primitive  ranges, — that  of  the  Fort!!,  which  divides  the 
waters  of  the  Loire  and  Ailier,  on  the  easl,and  that  of  the  Monts 
Domes,  which  separates  the  latter  river  from  the  Sioule,  on  the 
westf .  The  average  breadth  of  this  tract  is  about  20  miles, 
and  it  is  for  the  most  part  composed  of  nearly  horizontal  strata 
of  sand,  sandstone,  calcareous  marl,  clay,  limestone,  and  some 
subordinate  groups,  none  of  which  observe  a  fixed  and  inva- 
riable order  of  superposition.  The  ancient  borders  of  the  lake, 
wherein  the  fresh-water  strata  were  accumulated,  may  generally 
be  traced  with  precision,  the  granite  and  other  ancient  rocks 
rising  up  boldly  from  the  level  country.  The  precise  junc- 
tion, however,  of  the  lacustrine  and  granitic  beds  is  rarely  seen, 
as  a  small  valley  usually  intervenes  between  them.     The  fresh- 

•  The  (bUowing  ueounl  of  the  freih-vater  funnKtioni  of  Caninl  France  U  the 
iSMoltor  otMerrationi  madeiu  the  nimmei  ot  I82S,  in  eampiuiy  vith  Mr.  Mur- 

t  Soopa,  Geologj'  of  Central  France,  p.  IS. 
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water  strata  may  sometimes  be  seen  to  retain  their  honuMbI 
within  a  very  slight  distance  of  the  border-rocks,  wluleiBM| 
places  they  are  inclined,  and  in  a  few  instances  verticaL  *Rflf^ 
principal  divisions  into  which  the  lacustrine  series  maybeMHT ' 
rated  are  the  following :  1st,  Sandstone,  grit,  and  am^aBattilr^ 
2ndly,  green  and  white  foliated  marls.     3dly,  limestone  cxtnr m     ^ 
vertin,  oolite,  &c.     4thly,  gypseous  marls.  V 

1.  Sandttone  and  conglomerate. — Strata  of  sand  and  gnni  S^^ 
sometimes  bound  together  into  a  solid  rock»  are  found  in  gnlM^ 
abundance  around  the  confines  of  the  lacustrine  basin,  ooDlfl^  1l 
ing,  in  different  places,  pebbles  of  all  the  ancient  rocks  oC  h  ■ 
adjoining  elevated  country,  namely,  granite,  gneiss,  micMdMt,  ■ 
clay-slate,  porphyry,  and  others.  But  the  arenaceous  iMi  I 
do  not  form  one  continuous  band  around  the  margin  of  dtt  I 
basin,  being  rather  disposed  like  the  independent  ddtas  wUdk  1 
grow  at  the  mouths  of  torrents  along  the  borders  of  existing  | 
lakes  *.  < 

At  Chamalieres,  near  Clermont,  we  have  an  example  of  one 
of  these  littoral  groups  of  local  extent  where  the  pebbly  beds 
slope  away  from  the  granite  as  if  they  had  formed  a  talus  be- 
neath the  waters  of  the  lake  near  the  steep  shore.  A  sectioD, 
of  about  50  feet  in  vertical  height,  has  been  laid  open  bj 
a  torrent,  and  tiie  pebbles  are  seen  to  consist  throughout  of 
rounded  and  angular  fragments  of  granite,  quartz,  primary 
slate,  and  red  sandstone,  but  without  any  intermixture  of  those 
volcanic  rocks  which  now  abound  in  the  neighbourhood.  Par- 
tial layers  of  lignite  and  pieces  of  wood  are  found  in  these  beds, 
but  no  shells,  a  fact  which  probably  indicates  that  testacea 
could  not  live  where  the  turbid  waters  of  a  stream  were  fre- 
quently hurrying  down  uprooted  trees,  together  with  sand  and 
pebbles,  or,  that  if  they  existed,  they  were  triturated  by  the 
transported  rocks. 

There  are  other  localities  on  the  margin  of  the  basin  where 
qnartzose  grits  are  found,  composed  of  white  sand  bound 
together  by  a  siliceous  cement. 

*  Se«  vol.  i.  chap.  xIt.  p.  249 ;  and  2ii(].  Kd.  p.  286. 
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Occasionally,  when  the  grits  rest  on  granite,  as  at  Chama- 
Jieres  before  mentioned,  and  many  other  places,  the  separate 
nystals  of  quartz,  mica,  and  felspar,  of  the  cUsintegratcd 
granite,  are  bound  together  again  by  the  silex,  so  that  the 
granite  seems  regenerated  in  a  new  and  even  more  solid  form, 
nud  thus  so  gradual  a  passage  may  sometimes  be  traced  be- 
tween a  crystalline  rock  and  one  of  mechanical  origin,  tliat  we 
can  scarcely  distinguish  where  one  ends  and  the  other  begins. 
In  the  Puy  de  Jussat,  and  the  neighbouring  hill  of  La 
Roche,  are  white  qiiartzose  grits,  cemented  into  a  sandstone 
by  calcareous  matter,  which  is  sometimes  so  abundant  as  to 
furm  imbedded  nodides.  These  sometimes  constitute  sphe- 
roidal concretions  six  feet  in  dtamcler,  and  pass  into  beds  of 
wlid  limestone  resembling  the  Italian  travertins,  or  the  de- 
posits of  mineral  springs. 

In  the  hills  above  mentioned,  we  have  the  advantage  of  see- 
ing a  section  continuously  exposed  for  about  700  feet  in  thick- 
ness. At  tlic  hotlora  are  foliated  marls,  white  and  green, 
about  400  feet  thick,  and  above,  resting  on  the  marls,  are  the 
quartzosc  grits  before  mentioned  with  tiie  associated  travertins. 
This  section  is  observed  close  to  the  confines  of  the  basin,  so 
that  the  lake  must  here  have  been  filled  up  near  the  shore  with 
fine  nuid,  before  the  coarse  superincumbent  sand  was  intro- 
duced. There  are  other  cases  where  sand  is  seen  below  the 
marl. 

2.  Red  marl  and  sandslorte. — But  the  most  remarkable  of  the 
arenaceous  groups  is  a  red  sandstone  and  red  marl,  identical  in 
all  their  cliaracters  with  the  secondary  tieiy  red  sandxtonc  and 
marl  of  England.  In  the  latter,  the  red  ground  is  sometimes 
variegated  with  light  greenish  spots,  and  the  same  may  be  seen 
in  its  tertiary  counterpart  of  fresh-water  origin  at  Coudes,  on 
the  Allier.  The  marls  are  sometimes  of  a  purplish-red  colour, 
as  at  Champheix,  and  are  accompanied  by  a  reddish  limestone, 
like  the  well-known 'cornstone,'  which  is  associated  with  the 
old  red  sandstone  of  English  geologists.  The  red  sandstone 
and  marl  of  Auvcrgne  have  evidently  been  derived  from  the 
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degradation  of  gneiss  and  mica- sell ist,  wliich  are  seen  in  sUu  oo 
the  adjoining  bills,  decomposing  into  a  soil  very  similar  lo  the 
tertiary  red  sand  and  marl.  We  also  find  pebhlcs  of  gneiss, 
mica-schist,  and  quartz,  in  the  coarser  sandstones  of  this 
group,  clearly  pointing  to  the  parent  rocks  from  which  the 
sand  and  marl  were  derived.  The  red  beds,  although  destitute 
of  organic  remains,  pass  upwards  into  strata  containing  Eocene 
fos^B,  and  are  certainly  an  integral  part  of  the  lacustrine  for- 
mation. 

3.  Oreen  and  while  foliated  marh. — A  great  portion  of  what 
v/e  term  clay  in  ordinary  language,  consists  of  the  same  ma* 
terials  as  sandstone,  but  the  component  parts  are  in  a  finer 
state  of  subdivision.  The  same  primary  rocks,  therefore,  of 
Auvergnc,  which,  by  the  partial  degradation  of  tlieir  harder 
parts,  gave  rise  to  the  quaiizose  grits  and  conglomerates  before 
mentioned,  wotdd,  by  the  reduction  of  the  same  into  powder, 
and  by  the  decomposition  of  their  felspar,  mica,  and  horn- 
blende, produce  alimiinous  clay,  and,  if  a  sullicient  quantity  of 
carbonate  of  lime  was  present,  calcareous  marl.  This  fine 
sediment  would  naturally  be  carried  out  to  a  greater  distance 
from  the  shore,  as  are  the  various  finer  marls  now  deposited  in 
Lake  Superior  *.  And,  as  in  the  American  lake,  sliingle  and 
sand  are  annually  amassed  near  the  northern  shores,  so  tD 
Auvergne  the  grits  and  conglomerates  before  mentioned  were 
evidently  formed  near  the  borders. 

The  entire  thickness  of  these  marls  is  unknown,  but  it  cer- 
tainly exceeds,  in  some  places,  700  feet.  They  are  for  the 
most  part  either  light-green  or  white,  and  usually  calcareous. 
They  are  thinly  foliated,  a  character  which  frequently  arises 
from  the  innumerable  thin  plates  or  scales  of  that  small  animal 
called  cypris,  a  genus  whicli  comprises  several  species,  of  which 
some  are  recent,  and  may  be  seen  swimming  rapidly  througfi 
the  waters  of  our  stagnant  pools  and  ditches.  This  animal 
resides  within  two  small  valves  like  those  of  a  bivalve  shell. 
Uid  it  moults  its  integuments  annually,  wliich  the  coitcbiferous 
*  See  vol.  i.  cbap.  liii, 
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^uics  do  noi.     This  circumstance  may  partly  explain  the 
myriads  of  the  fiheils  of  cypris  which  were  shed  ia 
ltt£oceiie  lakes,  fio  as  to  give  rise  to  divisions  in  the  marl 
iltrin  as  paper,  and  that  too  in  stratified  maBbes  several  hun- 
ted feet  thicL.     A  more  convincing  proof  of  the  tranquilhty 
td  clearness  of  the  waters,  and  of  the  slow  and  gradual  pro- 
iiB  by  which  the  lake  was  filled  up  with  fine  mud,  cannot  be 
sired.     We  may  easily  suppose  that,  wiiile  in  the  deep  and 
Dtral  parts  of  the  basin,  this  fine  sediment  was  thrown  down, 
avel,  sand,  and  rocky  fragments  were  hurried  into  the  lake 
ar  tlie  shore,  and  formed  the  group  first  described, 
Not  far  from  ClormoiU  the  green  marls,  containing  the  cypris 
abundiince,  approach  to  uiliiin  a  few  yards  of  the  granite 
irfaid)  forms  the  borders  of  the  basin.     The  annexed  section 
iccurs  at  Champradelle,  in  a  small  ravine  north  of  La  petite 
par«que,  and  above  the  bridge. 


A,  QruiiCc. 

B,  SpKe  of  CD  feet  in  wbicli 

The  occurrence  of  these  marls  bo  near  the  ancient  marpn 
may  be  explained  by  considering  that,  at  the  bottom  of  the 
ancient  lake  in  spaces  intermediate  between  the  points  where 
rivers  and  torrents  entered,  no  coarse  ingredients  were  de- 
posited, but  finer  mud  only  was  drifted  by  currents,  The 
vtrticalily  of  some  of  the  beds  in  the  above  section  bears  tes- 
timony to  considerable  local  disturbance  subsequent  to  the 
deposition  of  the  marls,  but  such  inclined  and  vertical  strata 
tre  very  rare. 

4.  Limestone,  travertin,  /frc. — Both  the  preceding  members  of 
the  lacustrine  deposit,  the  marls  and  grits,  pass  occasionally 
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into  limestone.  Somctinies  only  concretionary  nodules  abound 
in  them  ;  but  these,  by  an  ndditional  quantity  of  calcareous 
matter,  unite,  as  already  noticed  {p.  229),  into  regular  beds. 

On  each  side  of  the  basin  of  the  Limagne,  both  on  the  east 
at  Gannat,  and  on  the  west  at  Vichy,  a  white  oohtic  limestone 
is  quarried.  At  Vichy,  the  oolite  resembles  our  Bath  stone  in 
appearance  and  beauty,  and,  like  it,  is  soft  when  first  taken 
from  the  quarry,  but  soon  hardens  on  exposure  to  the  air.  At 
Gannat,  the  stone  contains  land-shells  and  bones  of  quadrupeds, 
resembling  those  of  the  Paris  gypsum.  In  several  places  in 
the  neighbourhood  of  Gannat,  at  Marculot  among  others,  this 
atone  is  divided  by  layers  of  clay. 

At  Chadrat,  in  the  hill  of  La  Serre,  the  limestone  is  pisolitic, 
and  in  this  and  other  respects  resembles  tlie  travertin  of  Tivoli. 
It  presents  the  same  combination,  of  a  radiated  and  concentric 
structure,  and  the  coals  of  the  different  segments  of  spheroids 
have  the  some  undulating  surface.  (See  wood-cut  No.  5,  chap, 
xii.  vol.  i.) 

Inditsial  limeslone. — There  is  another  remarkable  form  of 
fresh-water  hmestonc  in  Auvergne,  called  '  indusial,'  from  the 
cases,  or  indtisia:,  of  the  larva;  of  Phryganca,  great  heaps  of 
whicli  have  been  encrusted,  as  they  lay,  by  hard  travertin,  and 
formed  into  a  rock.  We  may  often  see,  in  our  ponds,  some 
of  the  living  species  of  these  insects,  covered  with  small 
fresh-water  shells,  which  they  have  the  power  of  fixing  to  the 
outside  of  their  tubular  cases,  in  order,  probably,  to  give  them 
weight  and  strength.  It  appears  that,  in  the  same  manner,  a 
large  species  whicli  swarmed  in  the  Eocene  lakes  of  Auvergue, 
was  accustomed  to  attach  to  its  dwelling  the  shells  of  a 
small  spiral  luiivalve  of  the  genus  Paludina.  A  hundred  of 
these  minute  shells  are  sometimes  seen  arranged  around  one 
tube,  part  of  tiic  central  cavity  of  which  is  still  occasionally 
empty,  the  rest  being  filled  up  with  thin  concentric  layers  of 
travertin.  When  we  consider  that  ten  or  twelve  tubes  are 
packed  wiihin  the  compass  of  a  cubic  inch,  and  that  some 
Binglo  strata  of  tiiis  limestone  arc  si.\  feet  thick,  and  may  be 


hKb.  XVII.] 


lACl'STRINE  STRATA — Al'VERO'E.  233 


I  traced  over  a  considerable  area,  we  may  form  some  idea  of  the 
countless  numlicr  of  insects  and  molliisca  wliich  contributed 
iheir  integuments  and  shells  to  compose  this  singularly  con- 
structed rock.  It  is  unnecessary  to  suppose  that  the  Phry- 
gane^e  lived  on  the  spots  where  their  cases  are  now  found  ; 
they  may  have  multiplietl  in  the  shallows  near  the  margin  of 
the  lake,  and  their  buoyant  cases  may  have  been  drifted  by  a 
current  far  into  the  deep  water. 

The  calcareous  strata  of  the  Limagne,  like  the  other  mem- 
bers of  the  lacustrine  formation,  arc  for  the  most  part  hori- 
zontal, or  inclined  at  a  very  sbght  angle,  but  instances  of  local 
dislocation  are  sometimes  seen.  At  the  town  of  Vichy,  for  ex- 
ample, the  strata  dip  at  an  angle  of  between  30  and  40  degrees  ; 
in  an  ancient  quarry  behind  the  convent  of  Cdestincs,  and  near 
the  hot  spring  at  the  same  place,*  the  beds  of  limestone  are  seen 
first  inclined  at  an  angle  of  80",  and  then  vertical. 

5.  Gypseous  marls.— More  than  50  feet  of  thinly-laminated 
gypseous  marls,  exactly  resembling  those  in  the  hili  of  Mont- 
martre,  at  Paris,  are  worked  for  gypsum  at  St.  Romain,  on  the 
right  bank  of  the  Allier.  They  rest  on  a  series  of  greeTi 
cypriferous  marls  which  alternate  with  grits,  the  united  thick- 
ness of  this  inferior  group  being  seen,  in  a  vertical  section  on 
the  banks  of  the  river,  to  exceed  250  feet. 

General  arrangement  and  or'ujin  of  the  fresh-wafer  forma- 
tions of  Auvertjne. — The  relations  of  the  different  groups 
above  described  cannot  be  learnt  by  the  study  of  any  one  sec- 
tion, and  he  who  sets  out  with  the  expectation  of  finding  a 
fixed  order  of  succession  may  jierhaps  complain  that  the  dif- 
ferent parts  of  the  basin  give  contradictory  results.  The 
arenaceous  division,  the  marls  and  the  limestone,  may  all  be 
«een  in  some  localities  to  alternate  with  each  other,  yet  it  can 
by  no  means  be  uffirmed  that  there  is  no  order  of  arrangement. 
Tlie  sands,  sandstone,  and  conglomerate,  constitute  in  general 
a  littoral  group;  the  foliated  wliiie  and  green  marls  a  con- 
lemporaneoua  central  deposit,  and  llie  limestone  is  for  the  most 
p;irt  subordinate  to  t!ie  newer  portions  of  the  above  groups. 
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We  never  meet  with  calcareous  rocks  covered  hy  a  consider- 
able thickness  of  quarCzose  sand  or  green  marl,  and  ihe  up- 
permost marls  and  saiids  are  more  calcareous  than  the  lower, 
i'rom  the  resemblance  of  the  Eocene  limestones  of  Auvergne 
to  the  Italian  tiavertins,  we  may  conclude  that  they  were  de- 
rived from  the  waters  of  mineral  springs, — such  springs  as  now 
exist  in  Auvergne,  and  which  rising  up  through  the  granite 
precipitate  travertin.  They  are  sometimes  thermal,  but  thii 
character  is  by  no  means  constant. 

We  suppose  that,  wlien  the  ancient  lake  of  the  Limagne  firtt 
began  to  be  filled  with  sediment,  no  volcanic  action  Iiad  pro- 
duced lava  and  scoriae  on  any  part  of  ihe  surface  of  Auvergne. 
No  pebbles,  therefore,  of  lava  were  transported  into  the  lake, — 
no  fragments  of  volcanic  rocks  imbedded  in  the  conglomerate. 
But  at  a  later  period,  when  a  eonsiJerable  thickness  of  sand- 
stone and  marl  had  accumulated,  eruptions  broke  out,  and  lava 
and  tuff  werealternately  deposited,  at  some  spots,  with  tlie  lacus- 
trine strata.  Of  this  we  shall  give  proofs  iu  tlie  19th  chapter. 
It  is  not  improbable  that  cold  and  thermal  springs,  holding 
different  mineral  ingredients  in  solution,  increased  in  number 
during  the  successive  convulsions  attending  this  development 
of  volcanic  agency,  and  thus  carbonate  and  sulphate  of  lime, 
siles,  and  other  minerals,  were  produced.  Hence  these  mine* 
rals  predominate  in  the  uppermost  strata.  The  Bubterranean 
movements  may  then  have  continued  until  they  altered  the 
relative  levels  of  ihe  country  and  caused  the  waters  of  the  lakes 
to  be  drained  off,  and  llie  farther  accumulation  of  regular 
fresh-water  strata  to  cease.  The  occurrence  of  these  convul- 
sions anterior  to  the  Miocene  epoch,  and  prolonged  during 
a  succession  of  after-ages,  may  explain  why  no  fresh-water  for- 
mations more  rec«it  than  the  Eocene  are  now  found  in  this 
country. 

We  may  easily  conceive  a  similar  series  of  events  to  give  rise 
to  analogous  results  in  any  modern  basin,  such  as  that  of  Lake 
Superior,  for  example,  where  numerous  rivers  and  torrents  are 
carrying  down  the  detritus  of  a  chain  of  mountains  into  the 
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The  transported  materials  must  be  arranged  according 
k  their  size  and  weight,  the  coarser  near  the  shore,  the  finer 
,  grvater  distance  from  land;  but  in  the  gravelly  and 
dy  beda  of  Lake  Superior  nt>  pebbles  of  modern  volcanic 
iclu  can  be  included,  since  there  are  none  of  these  at  present 
1  the  district.  If  the  igneous  action  should  break  out  in  that 
nintry  and  produce  lava,  scoris,  and  thermal  springs,  the 
wdtion  of  gravel,  sand,  and  marl,  might  Etill  continue  as 
;  hut  in  addition,  there  would  then  be  an  intermixture 
■  of  volcanic  gravel  and  tuff,  and  rocks  precipitated  from  the 
1  watcn  of  mineral  springs. 

Although  the  fresh-water  strata  of  the  Limagne  approach 
illy  to  a  horizontal  jxjsition,  the  proofs  of  local  disturb- 
e  sufficiently  numerous  and  violent  to  allow  us  to  sup- 
■  great  changes  of  level  since  the  Eocene  period.  We  are 
unable  to  assign  a  northern  barrier  to  the  ancient  lake,  although 
we  can  still  trace  its  limits  to  the  east,  west,  and  south,  where 
they  were  formed  of  bold  granitic  eminences.  But  we  need 
not  be  surprised  at  our  inability  to  restore  the  physical  geo- 
graphy of  the  country  after  so  great  a  series  of  volcanic  erup- 
tions. It  is  by  no  means  improbable  that  one  part  of  the 
district  may  have  been  moved  upwards  bodily,  while  the  others 
retDoined  at  rest,  or  even  suffered  a.  movement  of  depression. 

Pay  en  Vday. — In  the  department  of  the  Haute  Loire,  a 
fresh-walcr  formation,  very  analogous  to  that  of  Auvergne,  is 
situated  in  the  basin  of  the  Loire,  and  is  exposed  in  the  valley 
in  which  stands  the  town  of  Le  Puy.  Since  the  deposition  of 
the  lacustrine  strata,  there  have  been  so  many  volcanic  erup- 
tions in  this  country,  and  such  immense  quantities  of  lava  and 
scoria;  jtourcd  out  upon  the  surface,  that  the  aqueous  rocks  are 
almost  buried  and  concealed.  ^Ve  are  indebted,  however,  to 
the  researches  of  M.  13ertrand  de  Doue  for  having  distinctly 
ascertained  the  succession  of  strata,  and  we  have  had  opportu- 
nities of  verifying  his  observations  during  a  visit  to  Le  Puy. 

In  this  basin  we  find,  as  in  Auvergne,  two  great  divisions, 
consisting  of  grits  andnuurls;  the  former  composed  ofquarlzose 
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grit,  sometimes  granitiform,  reddish  and  mottled  sandiad 
conglomerates,  all  evidently  derived  from  the  degrdUa 
of  granitic  rocks,  and  resembling  exceedingly  the  arenaoeoB 
group  of  the  I^imagne  before  described.  This  formttioii  ■ 
almost  confined  to  the  borders  of  the  basin,  and  was  evideirtlj 
a  littoral  deposit.  The  other  member  of  the  formatioB)  the 
marlty  are  more  or  less  calcareous,  and  are  associated  withfiiK- 
Btonc  and  gypsum,  which  last  is  worked  for  agriculturil  uso^ 
and  exactly  resembles  that  of  Paris. 

The  analogy  in  the  mineral  character  of  the  Velay  and  Fin 
basins  is  rendered  more  complete  by  the  presence  in  both  of 
silex  in  regular  beds.  In  the  limestone  I  found  gyragomtes, 
or  seeds  of  the  Chara,  of  the  same  species  as  those  most  oom- 
mon  in  the  Paris  basin ;  and  M.  Bertrand  de  Doue  has  &- 
covered  the  bones  of  several  mammiferous  animals  of  the  sune 
genera  as  those  which  characterize  the  basins  of  Auvergne  and 
Paris  *.  The  shells  also  of  this  formation  correspond  specifi- 
cally with  tliose  of  Eocene  formations  in  other  parts  of  France. 

The  sand  and  conglomerate  of  the  fresh-water  basin  d 
Velay  is  entirely  free  from  volcanic  pebbles,  ag^reeing  in  tliis 
respect  with  the  analogous  group  of  the  Limagne ;  but  the 
fact  is  the  more  striking  in  Velay,  because  the  masses  of  tra- 
chyte, clinkstone,  and  other  igneous  rock  now  abounding  io 
that  country,  have  an  aspect  of  extremely  high  antiquity,  and 
constitute  a  most  prominent  feature  in  the  geological  structure 
of  the  district.  Yet  the  non-intermixture  of  volcanic  pro- 
ducts with  the  lacustrine  sediment,  is  just  what  we  should 
exjx^ct  when  wc  have  ascertained  that  the  imbedded  organic 
remains  of  those  strata  are  Eocene ;  whereas  the  lavas  belong 
in  part,  if  not  entirely,  to  the  Miocene  period  f. 

CantaL — Near  Aurillac,  in  Cantal,  another  series  of  fresh- 
water strata  occurs,  which  resembles,  in  mineral  character  and 
organic  remains,  those  of  Auvergne  and  Velay  already  de- 
scribed.    The  leading  feature  of  this  group,  as  distinguished 

*  Dcscrip.  GcognoB.  des  Env.dii  Puy  en  Velay,  1823. 
t  See  above,  p.  2 19,  aud  below,  Chap.  xix. 
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llic  two  former,  is  the  immense  abundance  of  silex  asso- 
ited  witit  the  calcareous  marls  and  limestone,  wliich  last,  like 
f  limestone  of  Auvergne,  constitutes  an  upper  member  of  the 
!bIi -water  series. 

The  formation  of  the  Cantal  may  be  divided  into  two 
^oups,  the  lowest  composed  of  gravel,  sand,  and  clay,  such  as 
night  have  been  derived  from  the  wearing  down  and  decom- 
NMition  of  the  granitic  schists  of  die  surrounding  country ;  the 
tipper  system  consisting  of  siMceous  and  calcareous  marls, 
nmtains  subordinatcly  gypsum,  silex,  and  limestone — deposits 
Buch  as  the  waters  of  springs  charged  with  carbonate  and 
sulphate  of  lime,  and  with  silica,  may  have  produced. 

Fresh-ttater  limeslonfi  and  fiinls  resemblinf)  chalk. — To  the 
English  geolt^ist,  the  most  interesting  feature  in  the  Cantal 
is  the  resemblance  of  the  fresh- water  limestone,  and  its  ac- 
companying flint,  to  our  upper  chalk,  a  resemblance  which, 
like  that  of  the  red  sandstone  of  Auvergne  to  our  scconilaiy 
*  new  red,'  is  the  more  important,  as  being  calculated  to 
put  tiiC  student  upon  his  guard  against  too  implicit  a  reli- 
ance on  hthological  cliaractcrs  as  tests  of  the  relative  ages  of 
rocks.  When  we  approach  Aurillac  from  the  west,  we  pass 
over  great  heathy  plains,  where  tlie  sterile  mica-schisl  Is  barely 
covered  with  vegetation.  Near  Vtrac,  and  between  La  Cnpelle 
and  Viscamp,  we  begin  to  see  the  surface  strewed  over  with 
]uQse  broken  flints,  some  of  them  black  in  the  interior,  but  with 
a  white  external  coating,  others  stained  with  tints  of  yellow  and 
red,  and  looking  precisely  like  the  flint  gravel  of  our  chalk  dis- 
tricts. When  heaps  of  this  gravel  have  thus  announced  our 
approach  to  a  new  formation,  we  arrive  at  length  at  the  escarp- 
ment of  the  lacustrine  beds.  At  the  bottom  of  the  hill  we  see  , 
strata  of  clay  and  sand  resting  on  mica-schist ;  and  above,  in 
the  quarries  of  Bclbet,  Leybros,  and  Bruel,  a  white  limestone, 
in  horizontal  strata,  the  surface  of  which  has  been  hollowed  ^ 
out  into  irregular  furrows,  since  filled  up  with  broken  flint,  j 
I  marl,  and  vegetable  mould.  We  recognize  in  these  cavities,  ■ 
I    filled  with  dork  mould  and  flint  gravel,  an  exact  counterpart  to            I 
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the  appearances  so  frequently  presented  on  the  furrowed  sur- 
face of  our  white  ciialk.  Proceeding  onwanls  from  these 
quarries,  along  a  road  made  of  the  white  limestone,  which  re- 
flects as  glaring  a  light  in  the  sun,  as  do  our  roads  composed  of 
chalk,  we  reach,  at  length,  in  the  neighbourhood  of  Aurillac, 
hills  of  limestone  and  calcareous  marl,  in  horizontal  strsia, 
separated  in  some  places  by  regular  layers  of  flint  in  nodules, 
the  coating  of  each  nodule  being  of  an  opaque  white  colour, 
like  the  exterior  of  the  flinty  nodules  of  our  chalk.  In  these 
last  the  hard  white  substance  has  been  ascertained  to  consist,  in 
some  instances,  whoily  of  siliceous  matter,  and  sometimes  to 
contain  a  small  admixture  of  carbonate  of  iime  *,  and  the  ana- 
lysis of  those  of  the  Cantal  would  probably  give  the  same 
results.  The  Aurillac  flints  have  precisely  the  appearance  of 
having  separated  from  their  matrix  after  the  sihceous  and  cal- 
cai-eous  matter  had  been  blended  together.  The  calcareous 
marl  sometimes  occupies  small  sinuous  cavities  in  the  flint, 
and  the  siliceous  nodule,  when  detached,  is  often  as  irregular 
in  form  as  those  found  in  our  chalk. 

By  what  means,  then,  can  the  geologist  at  once  decide 
that  the  limestone  and  Bilex  of  Aurillac  arc  referrible  to  an 
epoch  entirely  distinct  from  that  of  the  English  chalk  ?  It  is 
not  by  reference  to  position,  for  we  can  merely  say  of  the 
lacustrine  beds,  as  we  should  have  been  able  to  declare  of  the 
true  chalk  had  it  been  present,  that  they  overlie  the  granitic 
rocks  of  this  part  of  France.  It  is  by  reference  to  the  organic 
remains  that  we  are  able  to  pronounce  the  formation  to  belong 
to  the  Eocene  tertiary  period.  Instead  of  the  marine  Alcyonia 
of  our  cretaceous  system,  the  silicified  seed-vessels  of  the  Chara, 
a  plant  which  grows  at  the  bottom  of  lakes,  abound  in  the 
flints  of  Aurillac,  both  in  those  which  are  m  situ  and  those 
forming  the  gravel.  Instead  of  the  Echinus  and  marine  les- 
tacea  of  the  chalk,  we  find  in  the  marls  and  limestones  the 
shells  of  the   Planorbis,  and  other  lacustrine  testacea,  all  of 
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^tn,  like  the  gyrogonites,  agreeing  specifically  with  species  of 
^Eocene  Ivpe. 

Pnofi  of  the  t/rnilual  depnsUion  of  marl. — Some    Rectlons  of 

MB  foliated  marts  in  the  I'alley  of  the  Cer,  near  Aiirillac,  attest, 

I  the  most  unequivocal  manner,  the  extreme  slowness  with 

'Ikich  the  materials  of  the  lacustrine  series  were  amassed.     In 

le  hill  of  Barrat,  for  example,  we  find  an  assemblage  of  calca- 

otis  and  siliceous  marls,  in  which,  for  a  depth  of  at  least  60 

et,,  the  layers  are  so  thin  that  thirty  are  sometimes  contained 

the  thickness  of  an  inch  I  and  when  they  are  separated  we  see 

■ed  in  each  the  flattened  stems  of  Chane,  or  other  plants, 

sometimes   myriads  of  small   pahidinre  and    other  fresh- 

ihella.     These  minute  foliations  of  the  marl  resemble 

^irecisely  some  of  the  recent  laminated  beds  of  the  Scotch  marl 

lakes,  and  when  divided  may  be  compared  to  the  pages  of  a 

'book,  each  containing  a  history  of  a  certain    period  of  the 

past.       The  different   layers  may   be   grouped    together   in 

beds  from  a  foot  to  a  foot  and  a  half  in  thickness,  which   arc 

distinguished  by   differences  of    composition  and   colour,  the 

latter  being  white,  green,  and  brown.     Occasionally  there  is  a 

parting  layer  of  pure  flint,  or  of  black  carbonaceous  vegetable 

matter,  one  inch  thick,  or  of  white  pulverulent  marl.     We  find 

several  hills  in  the  neiglibourhootl  of  Aurillac  composed  of  such 

materials  for  the  height  of  more  than  200  feel  from  their  base, 

the  whole  sometimes  covered  by  rocky  currents  of  trachylic  or 

basaltic  lava  *. 

Concluding  remarks, — So  wonderfully  minute  are  the  sepa- 
rate parts  of  which  some  of  the  most  massive  geological  monu- 
ments are  made  up  !  When  we  desire  to  classify,  it  is  neces- 
sary to  contemplate  entire  groups  of  strata  in  the  aggregate ; 
but  if  wo  wish  to  understand  the  mode  of  their  formation,  and 
lo  explain  their  origin,  wc  must  think  only  of  the  minute 
subdivisions  of  which  each  mass  is  composed.  We  must  bear 
ind  how  many  thin,  leaf-like  seams  of  matter,  each  con- 
Mure  tuaon.fiu  I«i  IKputs  Lacuat.  Tertiairc 
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taiiiing  the  remains  of  inyriads  of  testacea  and  plants,  fre-, 
qiicntly  enter  into  the  composition  of  a  single  stratum,  and 
how  great  a  succession  of  these  strata  unite  to  form  a  single 
group  .'  We  must  remember,  also,  that  Tolcanos  like  the 
Plomb  du  Cantal,  which  rises  in  the  immediate  ueighbour^ 
hood  of  Aurillac,  are  equally  the  result  of  successive  accu- 
mulation, consisting  of  reiterated  flows  of  lava  and  showers  of 
scoriiE  ;  and  we  have  shownj  when  we  treated  of  the  high  an- 
tiquity of  Etna,  how  many  distinct  lava-currents  and  heaps  of 
ejected  suhstances  are  required  to  make  up  one  of  the  nume- 
rous conical  envelopes  whereof  a  volcano  is  composed, — Lastly, 
we  must  not  forget  that  continents  and  mountain- chains, 
colossal  as  are  their  dimensions,  are  nothing  more  than  an 
assemblage  of  many  such  igneous  and  aqueous  groups,  formeil 
also  in  succession  during  an  indefinite  lapse  of  ages,  and 
superimposed  upon  each  other. 
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CHAPTER  XVIII. 

Ibrine  rurnntions   of  llie  Eocena    period— Sfmti  of  t!,e  Paris 

uulogoni  to  Ihc  lacuatriue  deposits  of  Central  Frauce — GvojTrnphical  cc 
oflbe  Limagne  d'Auvergncand  Ilia  Paris  bssia — Chain  of  lakes  iatheEocena 
peciod — ClassiBcntion  of  groups  in  the  Paris  basin — ObGcrvotioDS  of  M.  C. 
Prevost — Sketch  of  the  different  Bubdivisiona  of  the  Paris  bnsin — Contem- 
[loraiieoiii  miriuB  and  fteih-watei  strata — Abundance  of  Ccrilhin  in  the 
Cdcaire  groniei — Upper  murine  formatioa  inclicalea  a  subsidence — Part  of 
the  Cslcaire  (ffoSMer  desltoyer!  when  the  upper  marine  strata  originated— 
All  the  Parisian  groups  belong  to  ono  great  epoch — Microscopic  shells— 
Booea  of  quoilrupedi  in  gypsum — In  what  manner  enlombcd— Number  of 
■pecies — All  exlincl — Strata  tvilh  unci  without  organic  remains  alternating — 
Our  krioiilfdge  of  the  physical  geography,  fauna,  and  flora  of  the  Eucene  period 
coDuderable — Concluding  remarks. 

EOCENE  FORMATIONS-PARIS  BASIN. 
The  geologist  who  Ijas  sUulled  the  lacustrine  formations  de- 
scribed in  the  last  chapter  cannot  enter  the  tract  itsuatty  termed 
'the  Paris  Basin'  without  immediately  recognizing  a  great 
▼ariety  of  rocks  with  which  his  eye  has  already  become  fami- 
liar. The  green  and  white  marls  of  Auvcrgue,  Cantal,  and 
Velay,  again  present  themselves,  together  with  limestones  and 
quartzose  grits,  siliceous  and  gypseous  marls,  nodules  and 
layers  of  flint,  and  saccharoid  gypsum  ;  lastly,  in  addition  to  all 
this  identity  of  mineral  character,  we  find  on  assemblage  of  the 
flame  species  of  fossil  animals  and  plants. 

When  we  consider  the  geographical  proximity  of  the  two 
districts,  we  are  the  more  prepared  to  ascribe  this  correspond- 
ence in  the  mineral  composition  of  these  groups  to  a  combina- 
tion of  similar  circumstances  in  the  same  era.  From  the  map 
(No.  56,  p.  226)  in  the  last  chapter,  it  will  be  seen  that  the 
united  waters  of  the  Allier  and  Loire,  after  descending  from 
the  valleys  occupied  by  the  fresh-wotcr  formations  of  Central 
Prance,  flow  on  till  tbcy  reach  the  southern  extremity  of  what 
b  called  (he  Paris  basin.  M.  Omalius  d'llalloy  long  ago 
Vol- III.  K 
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suggested  the  very  natural  idea  that  there  exiBted  formerly  a 
chain  of  lakes,  reaching  from  the  highest  part  of  the  central 
mountain -group  of  France,  and  lerminaiing  in  the  basin  of 
Paris,  which  he  supposes  was  at  that  time  an  arm  of  the  sea. 

Notwiilistanding  the  great  changes  which  the  physical  geo- 
graphy of  that  part  of  France  must  since  have  undergone,  we 
may  easily  conceive  that  many  of  the  principal  features  in  the 
configuration  of  the  country  may  have  remained  unchanged, 
or  but  slightly  modified.  Hills  of  volcanic  matter  have  indeed 
been  formed  since  the  Eocene  formations  were  accumulated, 
and  the  levels  of  large  tracts  have  been  altered  in  relatioo  to 
the  sea  ;  lakes  have  been  drained,  and  a  gulf  of  the  sea  turned 
into  dry  land,  but  many  of  the  reciprocal  relations  of  the 
different  parts  of  the  surface  may«Eill  remain  the  same.  The 
waters  which  flowed  from  the  granitic  heights  into  the  £oc«ie 
lakes  may  now  descend  in  the  same  manner  into  valleys  once 
the  basins  of  those  lakes.  Let  us,  for  example,  suppose  the 
great  Canadian  lakes,  and  the  gulf  into  which  their  waters 
are  discharged,  to  be  elevated  and  laid  dry  by  subterranean 
movements.  The  whole  hydrographical  basin  of  the  St.  Law- 
rence might  be  upraised  during  these  convulsions,  yet  that 
river  might  continue,  after  so  extraordinary  a  revolution,  to 
drain  the  same  elevated  regions,  and  might  continue  to  convey 
its  waters  in  the  same  direction  from  the  interior  of  the  conti- 
nent to  the  Atlantic,  Instead  of  traversing  the  lakes,  it  would 
hold  its  course  through  deposits  of  lacustrine  sand  and  shelly 
marl,  such  as  we  know  to  be  now  forming  in  Lakes  Sup^or 
and  Erie;  and  these  fresh-water  strata  would  occupy  the  site 
andbeartestimony  to  the  pristine  existence  of  the  lakes.  Marine 
strata  might  also  l>e  brought  into  view  in  the  space  where  an 
inlet  of  the  sea,  like  the  estuary  of  the  St.  Lawrence,  had  once 
received  the  continental  waters;  and  in  such  formations  we 
might  discover  shells  of  lacustrine  and  fluviatile  species  inter- 
mingleti  with  marine  teslacea  and  zoophytes. 

Siihdivmons  ofslrala  in  the  Paris  hasin. — The  area  whkll 
has  been  called  the  Paris  basin  is  about  one  hundred  and 
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eighty  miles  in  its  greatest  length  from  north-east  to  south- 
west, and  about  ninety  miles  from  east  to  west.  This  space 
nay  be  described  as  a  depression  in  the  chalk  (see  diagram 
tio.  2,  p.  U>),  which  has  been  filled  up  by  alternating  groups 
of  marine  and  fresh-water  strata.  MM.  Cuvier  and  Brong- 
siart  attempted  in  181 1  to  distinguish  6vc  different  formations, 
and  to  arrange  them  in  the  following  order,  beginning  witli  tlie 
lowest : — 

f  Plastic  clay. 

1.  First  ffesh-wnler  fomiation... .  /Lignitu. 

iFiratsatid^lone. 

2.  Fint  DiBriac  fomulion Caleaire  (^snicr. 

{Siltccoua  limesloue. 
G^aum,  with  bonei  of  aaimal9. 
Fresh -water  tnarU. 


4.  SmohiI  marine  formation /  Upper  lu 


5.  Hiinl  fn-ih-VBlDr  formation 

These  formations  were  s 
succession  upon  the  chalk  ; 


■atiila  nnil  sandstonei. 
inarlB  ■diI  linieatone*. 
SiliceoQi  millalune,  vilhout  thelli. 
I,      I  Siliceous  tniUslone,  trith  slitlli. 
I  Upper  Tresh-WHlur  marls. 

iiipposed  to  have  been  deposited  in 
and  it  was  imagined  that  the  waters 
et  the  ocean  had  been  by  turns  admitted  into  and  excluded 
from  the  same  region.     But  the  subsequent  investigations  of 

No.  58.  No.  59. 

M.  Alei. 
Brongniiitt.  M.  Constant  Prcvoat 
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several  geologists,  especially  of  M.  Constant  Prevost  •,  have 
led  to  great  modi  fi  cat  ions  in  the  llieoretical  views  entertained 
respecting  the  order  in  which  the  several  groups  were  formed; 
and  it  now  appears  ihat  the  formations  Nos.  1,  2,  and  3,  of 
the  table  of  MM.  Cuvier  and  Brongniart,  instead  of  having 
originated  one  after  the  other,  arc  divi^ble  into  four  aeai\j 
contemporaneous  groups. 

Superjtosilion  of  different  formations  in  the  Paris  6asm.— 
A  comparison  of  the  two  accompanying  diagrams  will  enable 
the  reader  to  comprehend  at  a  glance  the  different  relaUons 
which  the  several  sets  of  strata  bear  lo  each  other,  according 
to  the  original,  as  well  as  the  more  modern  classification. 
We  shall  now  proceed  to  lay  before  the  reader  a  brief  sketch 
of  the  several  sets  of  strata  referred  to  in  the  above  systems. 

Immediately  upon  the  chalk  a  layer  of  broken  chalk  flints, 
often  cemented  into  a  breccia  by  siliceous  sand,  is  very  com- 
monly found.  These  flints  probably  indicate  the  action  of  the 
sea  upon  reefs  of  chalk  when  a  portion  of  that  rock  had  emerged 
and  before  the  regular  tertiary  beds  were  superimposed.  To 
this  partial  layer  no  reference  is  made  in  the  annexed  sections. 

Pta-ilic  clay  and  sand. —  Upon  this  flinty  stratum,  or,  if  it 
be  wanting,  upon  the  chalk  itself,  rests  frequently  a  deposit  of 
clay  and  hgnite  (No.  1  of  the  above  tables).  It  is  composed 
of  fresh-water  shells  and  drift-wood,  and  was,  at  first,  regarded 
as  a  proof  that  the  Paris  basin  had  originally  been  filled  with 
fresh  water.  But  it  has  since  been  shown  that  this  group  ts 
not  only  of  very  partial  extent,  but  is  by  no  means  restricted 
to  a  fixed  place  in  the  series ;  for  it  alternates  with  the  marine 
calcairo  grossier  (No.  2  of  the  tables),  and  is  repeated  in  the 
very  middle  of  that  limestone  at  Vcaugirard,  Bagneux,  and 
other  places,  where  the  same  Planorbes,  Paludinffi,  and  Lira- 
nci  occur  f.  M.  Desnoyers  pointed  out  to  me  a  section  in  the 
suburbs  of  Paris,  laid  open  in  1829,  where  a  similar  intercala- 
tion was  seen  in  a  still  higher  part  of  the  calcaire  grossier. 

•  Bu1lelinde»Sci.ile]oSoc.Ph;ioin.,  May,  1825,  p.  74, 
■f  PrevMt,  Sur  \va  SulimeraCon*  Ili(«li»eii,  fte.    Mem.  Ja  la  Soc.  A'llai.  Nal. 
da Porii,  tome iv,  p.  Tl, 
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These  observations  relieve  us  from  the  difficulty  of  seeking  a 
cause  why  vegetable  matter,  and  certain  species  of  fresh-water 
shells  and  a  particular  kind  of  clay,  was  first  introduced  into 
tliG  basin,  and  why  the  same  space  was  subsequently  usurped 
by  the  sea.  A  minute  examination  of  the  phenomena  leads  us 
■imply  to  infer,  that  a  river  charged  with  argillaceous  sediment 
entered  a  bay  of  the  sea  and  drifted  down,  from  time  to  time, 
frcsh-waler  shells  and  wood. 

Calcaire  grassier. — The  calcaire  grassier  above  alluded  to,  is 
composed  of  a  coarse  limestone,  often  passing  into  sand,  such  as 
may  perhaps  have  been  derived  from  the  aqueous  degradalton 
of  a  chalk  country.  It  contains  by  far  the  greater  number  of 
the  fossil  shells  which  characterize  the  Paris  basin.  No  less 
than  400  distinct  species  have  been  derived  from  a  single  loca- 
lity Dear  Grignou.  They  are  imbeddeil  in  a  calcareous  sand, 
chiefly  formed  of  comminuted  shells,  in  which,  nevertheless, 
individuals  in  a  perfect  state  of  preservation,  both  of  marine, 
terrestrial,  and  fresh- water  species,  are  mingled  together' 
and  were  evidently  transported  from  a  distance.  Some  of  the 
naarine  shells  may  have  lived  on  the  spot,  but  the  Cyclostonia 
and  Limnea  must  have  been  brought  there  by  rivers  and 
currents,  and  the  quantity  of  triturated  shells  implies  consider- 
lible  movement  in  the  waters. 

Nothing  is  more  remarkable  in  this  assemblage  of  fossil 
testacea  than  the  astonishing  proportion  of  species  referrible  to 
the  genus  Cerithium  *.  There  occur  no  less  than  137  species 
of  this  genus  in  the  Paris  basin,  and  almost  all  of  them  in  the 
calcaire  grossier.  Now  the  living  testacea  of  this  genus  inhabit 
the  sea  near  the  mouths  of  rivers,  where  the  waters  are  brackish, 
to  that  their  abundance  in  the  marine  strata  of  the  Pans  basin  is 
in  perfect  harmony  with  the  hypothesis  before  advanced,  that  a 
river  flowed  into  the  gulf,  and  gave  rise  to  the  beds  of  clay  and 
lignite  before  mentioned.  But  there  are  ample  data  for  infer- 
ring that  the  gulf  was  supplied  with  fresh  water  by  more  than 
one  river,  for  while  the  calcaire  grossier  occupies  the  northern 
■  See  the  lililes  of  M.  DuhuyeB,  Ap|<i.'ii<lii  I.,  p.  26. 
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part  of  the  Paris  basin,  another  contemporaneous  deposit,  of 
fr«h-waler  oHgin,  apjiears  at  the  soutliern  extremity, 

Cakaire  silicmix. — This  group  (No.  3  of  ihe  foregoing 
tables)  is  a  compact  siliceous  limestone,  which  resembles  s 
precipitate  from  the  waters  of  mineral  springs.  It  is,  for  tfiS 
most  part,  devoid  of  organic  remains,  but  in  some  places  it  con- 
tains frcsh-walcrand  land  species,  and  never  any  marine  fo&silg. 
The  siliceous  limestone  and  the  calcaire  grassier  occupy  distinct 
parts  of  the  basin,  the  one  attaining  its  fullest  development  ia 
those  places  wl>ere  the  other  is  of  slight  thickness.  They  also 
alternate  with  each  other  towards  the  centre  of  the  basin,  as  at 
Sergy  and  Osny,  and  there  are  even  points  where  the  two  rocks 
are  so  blended  together,  that  jxirtions  of  each  may  be  seen  in 
hand  specimens.  Thus  in  the  same  bed,  at  Triel,  we  have 
the  compact  fresh- water  limestone,  characterized  by  its  Limnei, 
mingled  with  the  coarse  marine  limestone  llirough  which  the 
small  muhilucular  shell,  called  milliolite,  is  dispersed  in  count- 
less numhers.  These  microscopic  tcstacea  are  also  accom- 
panied by  Cerithia  and  other  shells  of  the  cakaire  grossier.  It 
is  very  extraordinary  that,  although  in  this  instance  both  kinds 
of  sediment  must  have  been  thrown  down  together  on  the  same 
spot,  each  still  contains  its  own  peculiar  organic  remains*. 

Tliesc  facts  load  irresistibly  to  the  conclusion,  that  while  10 
the  north,  where  the  hay  was  probably  open  to  the  sea,  a  ma- 
rine limestone  was  formed,  another  deposit  of  fresh-water 
origin  was  introduced  to  the  southward,  or  at  the  head  of  the 
bay.  For  it  appears  that  during  the  Eocene  period,  as  now, 
the  ocean  was  to  the  north,  and  the  continent,  where  the  great 
lakes  existed,  to  the  south.  From  the  latter  region  we  may 
suppose  a  body  of  frcsti  water  to  have  descended  charged  with 
carbonate  of  lime  and  silica,  tlie  water  being  perhaps  in  Buf- 
ficient  volume  to  convert  the  upper  end  of  the  bay  into  fresh 
water,  like  some  of  the  gulfs  of  the  Baltic. 

Gypsum  and  marls. — The  next  group  to  be  considered  is 

■  M.  Pievost  has  poinlvd  out  lliis  liiiiL-ituae  lo  mv,  botli  iu  ulu  at  TricI,  auJ  in 
haai  q>eeinieui  in  bis  cabiairt. 
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gypsum,  and  the  white  and  green  marls,  subdivisions 
^o.  3  of  ihe  table  of  Cuvier  and  Brongniart.  These 
ipposed  lo  be  entirely  subsequent  in  origin  to  the 
groups  already  considered ;  but  M,  Prevost  has  pointed 
It  that  in  some  localities  they  alternate  repeatedly  with  the 
rire  siliceux,  and  in  others  with  some  of  the  upper  mem- 
Wrs  of  the  calcaire  grossier.  'Ilie  gypsum,  with  its  associated 
owrls  and  limestone,  is  in  greatest  force  towards  the  centre 
of  tbe  basin,  where  the  two  groups  before  mentioned  are  loss 
Jhlly  developed;  and  M.  Prcvos.t  infers,  that  whOe  those  two 
ipoi  deposits  were  gradually  in  progress,  the  one  towards 
north,  and  the  other  towards  the  south,  a  river  descending 
the  east  may  liave  brought  down  the  gypseous  and  mnrly 
■ediment. 

It  must  be  admitted,  as  highly  probable,  that  a  bay  or 
narrow  sea,  IbU  miles  in  length,  would  receive,  at  more  points 
tlun  one,  the  waters  of  the  adjoining  continent ;  at  the  same 
time  we  must  observe,  that  if  the  gypsum  and  associated  green 
id  white  marls  of  Montraartrc  were  derived  from  an  hydro- 
gmphicid  basin  distinct  from  that  of  the  southern  chain  of  lakes 
before  adverted  to,  this  basin  must  nevertheless  have  been 
placed  under  circumstances  extremely  similar ;  for  the  identity 
of  the  rocks  of  Velay  and  Auvergiic  with  the  fresh-water  group 
of  Monlmartre,  is  such  as  can  scarcely  be  appreciated  by  geo- 
logists who  have  not  carefully  examined  the  structure  of  both 
these  countries. 

Some  of  our  readers  may  think  that  the  view  above  g^vcn  of 
the  arrangement  of  four  different  sets  of  strata  in  the  Paris 
basin  is  far  more  obscure  and  complicated  than  that  first  pre- 
sented to  them  in  the  system  of  MM.  Cuvier  and  Brongniart. 
We  admit  that  the  relations  of  the  several  sets  of  strata  are  less 
ample  tlian  the  first  observers  supposed,  being  much  more  ana- 
It^ous  to  those  exhibited  by  the  lacustrine  groups  of  Central 
Prance  before  described. 

The  simultaneous  deposition  of  two  or  more  groups  of  strata 
in  one  basin,  some  of  tliera  fash-water  and  othcre  marine,  must 
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always  produce  very  complex  results ;  but  in  proportion  as  it  is 

more  difHcult  in  these  cases  to  discover  any  fixed  order  of 

supcrpoaiiion  in  the  associated  mineral  n 

easy  to  explain  the  manner  of  their  origin  a 

relations  to  the  agency  of  known  causes. 

cessive  irruptions  and  retreats  of  the 

chemical   nature  of  the  (luid  and  uthei 

earher  geologists,  we  are  now  simply  called  upon  to  imagine  a 

gulf,  into  one  extremity  of  which  the  sea  entered,  and  at  the 

other  a  large  river,  while  other  streams  may  have  flowed  in  at 
different  ^wints,  wliereby  an  indefinite  number  of  alternatioDs 
of  marine  and  fresh-water  beds  were  occasioned. 

Second  or  Upper  jnarine  group. — Tiie  nest  group,  called 
the  second  or  Upper  marine  formation  (No.  4  of  the  tables), 
consists  in  its  lower  division  of  green  marls  which  alternate 
with  the  fresh-water  beds  of  gypsum  and  marl  last  described. 
Ahovc  this  division  the  products  of  the  sea  exclusively  pre- 
dominate, the  beds  being  chiefly  formed  of  micaceous  sand, 
80  feet  or  more  in  thickness,  surmounted  by  beds  of  sandslnuc 
with  scarcely  any  limestone.  The  summits  of  a  great  many 
platforms  and  hills  in  the  Paris  basin  consist  of  this  upper 
marine  series,  but  the  group  is  much  more  limited  in  extent 
than  the  calcaire  grossier.  Although  we  fully  agree  with  ^ 
AI.  C.  Frevost  that  the  alternation  of  the  various  marine  and 
fresh-water  formations  before  described  admit  of  a  satisfactory 
explanation  without  supposing  different  retreats  and  subsequent 
returns  of  the  sea,  yet  we  thini;  a  subsidence  of  the  soil  may 
best  account  for  the  position  of  the  upj>er  marine  sands. 
Oscillations  of  level  may  have  occurred  whereby  for  a  time  the 
sea  and  a  river  prevailed  each  in  their  turn,  until  at  length  a 
more  considerable  sinking  down  of  jKirt  of  thu  basin  look  plaw, 
whereby  a  tract  previously  occupied  by  fresh  water  was  con- 
verted into  a  sea  of  moderate  depth. 

In  one  part  of  the  Paris  basin  there  are  decisive  proofs  that 
during  the  Eocene  period,  and  before  the  up|>er  marine  saiid 
Was  formed,  parts  of  the  calcuire  grossier  were  cxiwscd  to  the 
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ySaa  of  denuding  causes.  At  Valmondois,  for  example)  a 
l^lost  of  Llie  upper  marine  sandstone  is  found  *,  in  which 
fuUed  blocks  of  the  calcaire  grossier  with  ils  peculiar  fossils,  and 
Ascmeuts  of  a  limestone  resembling  tlic  calcaire  siliceus,  occur. 
y|*lwKP  calcareous  blocks  are  roiled  and  pierced  by  perforating 
UkIIs belonging  to  no  less  than  fifteen  distinct  species,  and  they 
e  imbedded,  as  well  as  worn  shells  washed  out  from  the  cal- 
ire  grossier,  with  the  ordinary  fossils  of  the  upper  marine 
ad. 

We  have  seen  that  the  same  earthquake  in  Cutch  could  raise 
e  part  of  the  delta  of  the  Indus  and  depress  another,  and 
cause  the  river  to  cut  a  passage  through  the  upraised  strata  and 
carry  down  the  materials  removed  from  the  new  channel  into 
the  sea.  All  these  changes,  therefore,  might  happen  within  a 
short  interval  of  time  between  the  deposition  of  two  sets  of 
strata  in  the  same  delta  t- 

Ii  is  not  improbable,  then,  that  the  same  convulsions  wliich 
caused  one  part  of  the  Paris  basin  to  sink  down  so  as  to  let  in 
the  sea  upon  the  area  previously  covered  by  gypsum  and  fresh- 
water marl,  may  have  lifted  up  the  calcaire  grossier  and  the 
siliceous  limestone,  so  that  they  might  be  acted  upon  by  the 
waves,  mid  fragments  of  them  swept  down  into  the  contiguous 
sea,  there  to  be  drilled  by  boring  testacea. 

It  is  observed  that  the  older  marine  formation  at  Laon  is 
now  raised  300  metres  above  the  sea,  whereas  the  upper  marine 
sands  never  attain  half  that  elevation.  Such  may  possibly 
have  been  the  relative  altitude  of  the  two  groups  when  the 
newest  of  them  was  deposited. 

Third  fresh-water  formation. — Wc  have  still  to  consider 
another  formation,  the  third  fresh-water  group  (No,  5  of  the 
preceding  tables) .  1 1  consists  of  marts  interst ratified  with  beds 
of  flint  and  layers  of  flinty  nodules.  One  set  of  siliceous  layers 
is  destitute  of  organic  remains,  the  other  replete  with  them. 

■  H.  Dcshnyei,  Mumuirc>  ie  U  Sue.  d'Uiit.  Nal.  da  Puii,  lorn.  i.  p.  243.— 
Thu  Miulitoiiii  in  culled,  by  miilskv,  grai  moiiii  in/erirar,  iaslcml  o!  luprrieur,  la 
which  lut  tbo  authur  hoi  tiace  mcectiuuiKl  il  lo  butun^;. 
t  Vol.i.  2a  Edit.  chap.  uuii.i  toL  ii.  lit  £<Ut.  chap.  zri. 
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OyrogoniteSy  or  fossil  aeed-Tessels  of  cfaane,  are  fbund 
dantly  in  these  strata,  and  all  the  flnimal  and  vegetable 
agree  well  with  the  hypothesis,  that  after  the  gulf  or  estoay 
had  been  silted  up  with  the  sand  of  the  upper  marioe  ibn» 
tion,  a  great  number  of  marshes  and  shallovr  lakes  existed,  lib 
those  which  frequently  overspread  the  nevrest  parts  of  a  iAk 
These  lakes  were  fed  by  rivers  or  springs  which  contaiDed,  ii 
chemical  solution  or  mechanical  suspension,  such  kinds  of  ari- 
mcnt  as  wc  have  already  seen  to  have  been  deposited  in  Ae 
lakes  of  Central  France  during  the  Eocene  period. 

The  Parisian  groups  all  Eocene, — Having  now  gtven  a  iqjl 
sketch  of  the  different  groups  of  the  Paris  basin,  we  msj 
observe  generally  that  they  all  belong  to  the  Eocene  epodi, 
although  the  entire  series  must  doubtless  have  required  id 
immense  lapse  of  ages  for  its  accumulation.  The  shells  of  the 
different  fresh-water  groups,  constituting  at  once  some  of  the 
lowest  and  uppermost  members  of  the  series^  are  nearly  all 
referriblc  to  the  same  species,  and  the  discordance  between  the 
marine  testacea  of  the  calcaire  grossier  and  the  upper  marine 
sands  is  very  inconsiderable. 

A  curious  observation  has  been  made  by  Af .  Deshayes,  in 
reference  to  the  changes  which  one  species,  the  Cardium  poru- 
losum,  has  undergone  during  the  long  period  of  its  existence  in 
the  Paris  basin.  Different  varieties  of  this  cardium  are  cha- 
racteristic of  different  strata.  In  the  oldest  sand  of  the  Sois- 
sonnais  (a  marine  formation  underlying  the  regular  beds  of  the 
calcaire  grossier),  this  shell  acquires  but  a  small  volume,  and 
has  many  peculiarities  which  disappear  in  the  lowest  beds 
of  the  calcaire  grossier.  In  these  the  shell  attains  its  full  size, 
and  many  peculiarities  of  form,  which  are  again  modified  in  the 
uppermost  beds  of  the  calcaire  grossier,  and  these  last  cha- 
racters are  preserved  throughout  the  whole  of  the  *  upper 
marine '  scries  *. 

Microscopic  shelh, — In  some  parts  of  the  calcaire  grossier 
microscopic  shells  are  very  abundant,  and  of  distinct  species 

*  Co<|uiU«H  cbaracteiiiit  d«8  Terrains,  183U 
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those  before  tnenlioncd  of  the  older  Pliocene  beds  of  Ilaly. 
r«  may  rcmiiiil  lliose  readers  wlio  are  nut  familiar  witli  these 
inotefo^l  bodies,  that  they  belong  lo  the  order  Cepkahipoda, 

anfmals  of  which  are  most  free  in  their  movcmcnla,  and  most 
ftvanced  in  their  organization,  of  all  the  molhisca.  The  inut- 
ilar  ceplialopods  have  been  separated,  by  d'Orbigny.  into 

I  subdivisions :  firstj  those  havi  ng  a  syphon  or  internal  iliIk 

meeting  the  different  chambers,  such  as  the  nautilus  and 
[bimonitc;  and,  secondly,  those  without  a  syphon,  to  which 
microscopic  species  now  under  consideration  belong.  They 
often  in  an  excellent  state  of  presenation,  and  their  forms 
kre  singularly  different  from  those  of  the  larger  testacca.  Wo 
liave  given  a  plate  of  some  of  these,  from  unpublished  draw- 
ings by  M.  Deshayes,  who  has  carefully  selected  the  most 
rcntarkable  types  of  form. 

Ilic  natural  size  of  each  species  figured  in  plate  4,  is  indi- 
cated by  minute  points,  to  which  %vc  call  the  reader's  attention, 
as  they  might  be  easily  overlooked. 

Bones  of  quadrupeds  iu  gypsum— Wc  have  already  con- 
iddercd  the  position  of  the  gypsum  which  occurs  in  the  form 
of  a  saccharoid  rock  in  the  hill  of  Montinartre  at  Paris,  and 
other  central  parts  of  the  ba^in.  At  the  base  of  that  hill  it 
is  seen  distinctly  to  alternate  with  soft  marly  beds  of  the  cal- 
caire  grossier,  in  which  ccrithia  and  other  marine  shells  occur. 
But  the  great  mass  of  gypsum  may  be  considered  as  a  purely 
fresb-waler  dejiosit,  conlaimtig  land  and  Iluviatilc  shells,  toge- 
ther with  fragments  of  palm-wood,  and  great  numbers  of 
skeletons  of  quadrupeds  and  birds,  an  assemblage  of  organic 
remains  which  has  given  great  celebrity  to  the  Paris  basin.  The 
bones  of  frcsli-wuter  Hsli,  also,  and  of  crocodiles,  and  many  land 
and  fluviatile  reptiles  occur  in  this  rock.  The  skeletons  of  mam- 
malia are  usually  isolated,  often  entire,  the  most  delicate  exire- 
mides  being  preserved  as  if  tlie  car<:as5es  clothed  with  their  flesh 
and  skin  had  been  floated  down  soun  after  death,  and  while  they 
were  still  swoln  by  the  gases  generated  by  their  first  decompo- 
sition-    The  few  accompanying  shells  are  of  those  light  kinds 
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which  frequently  float  on  the  surface  of  rivers  together  iidi 

wood. 

M.  Prevost  has,  therefore,  suggested  that  a  river  maj  bne 
swept  away  the  bodies  of  animals,  and  the  pkints  whidi  bed 
on  its  borders,  or  in  the  lakes  which  it  traversed,  and  mty  hie 
carried  them  down  into  the  centre  of  the  gulf  into  which  floved 
the  waters  impregnated  with  sulphate  of  lime.     We  know  thu 
the  Fiume  Salso  in  Sicily  enters  the  sea  so  charged  with  vmn 
salts  that  the  thirsty  cattle  refuse  to  drink  of  it.     A  stream  of 
sulphureous  water,  as  white  as  milk,  descends  into  the  sea  froa 
the  volcanic  mountain  of  Idienne,  on  the  east  of  Java;  audi 
great  body  of  hot  water,  charged  with  sulphuric  acid,  rudicd 
down  from  the  same  on  one  occasion,  and  inundated  a  large 
tract  of  country,  destroying,  by  its  noxious  properties,  all  the 
vegetation  *.      In  like  manner  the  Pusanibio^  or  '  Vioegar 
river '  of  Colombia,  which  rises  at  the  foot  of  Purace,  an  ex- 
tinct volcano  7500  feet  above  the  level  of  the  sea,  is  stronglj 
impregnated  with  sulphuric  and  muriatic  acid,  and  with  oxide 
of  iron.     We  may  easily  suppose  the  waters  of  such  streams  to 
have  properties  noxious  to  marine  animals,  and  in  this  manner 
we  may  explain  the  entire  absence  of  marine  remains  in  the 
ossifferous  gypsum  •(•. 

There  arc  no  pebbles  or  coarse  sand  in  the  gypsum,  a  cir- 
cumstance which  agrees  well  witli  the  hypothesis  that  tliese 
beds  were  precipitated  from  water  holding  sulphate  of  lime  in 
solution^  and  floating  the  remains  of  diflerent  animals.  The 
bones  of  land  quadrupeds  however  are  not  confined  entirely  to 
the  fresh- water  formation  to  which  the  gypsum  belongs,  for 
the  remains  of  a  Palax)therium,  together  with  some  fresh-water 
shells  have  been  found  in  a  marine  stratum  belonging  to  the 
calcaire  grossier  at  Beauchamp. 

In  the  gypsum  the  remains  of  about  fifty  species  of  qua- 
drupeds  have  been  found  all  extinct  and  nearly  four-fifths 

*  Lcyde  Magaz.  voor  Wetenfwh  Konst  en  Lett.,  partie  y.  cahier  i.p.  71.  Cited 
by  Roiet,  Journ.  de  Geologie,  torn.  i.  p.  43. 

t  M.  C.  Prevost,  SubmersionB  It^raUvw,  &c.  Note  23. 


[  vt  them  belonging  to  a  division  of  the  order  Pndiydcrmala, 
1^  which  is  now  only  lepresentcd  by  four  living  species,  namely 
L.bylhree  tapirs  and  the  daman  of  tlie  Cape.  A  few  carni- 
^  VDltnis  animals  are  associated,  among  which  are  a  species  of 
^  tax  and  gennet.  Of  the  Rodentia,  a  dormouse  and  a  squirrel ; 
[T  of  the  Inscctivora,  a  bat ;  and  of  the  Mai'supialia,  (an  order 
1  now  confined  to  America,  Australia,  and  some  contiguous 
■     islsnds,)  an  opossum,  have  been  discovered. 

Of  birds  about  ten  species  have  been  ascertained,  the  ske- 
letons of  some  of  which  arc  entire.  None  of  them  are  rcferrihlc 
to  existing  species*.  The  same  remark  applies  to  the  fish, 
according  to  MM.  Cuvier  and  Agassiz,  as  also  to  the  reptiles. 
Among  the  last  are  crocodiles  and  tortoises  of  the  genera 
Emys  and  Trionix. 

The  tribe  of  land  quadrupeds  most  abundant  in  this  forma- 
tion is  such  as  now  inhabits  alluvial  plains  and  marshes  and 
the  banks  of  rivers  and  lakes,  a  class  most  exposed  to  suffer  by 
river  inundations.  Whether  tlig  disproportion  of  carnivorous 
animals  c.in  be  ascribed  to  this  cause,  or  whether  they  were 
comparatively  small  in  number  and  dimensions,  as  in  the  indi- 
genous fauna  of  Australia,  when  first  known  to  Europeans,  is 
a  point  on  which  it  would  be  rash  perhaps  to  offer  an  opinion 
in  the  present  state  of  our  knowledge. 

We  have  no  reason  to  be  surprised  that  all  the  species  of  ver- 
tebrated  animals  hitherto  observed  are  exlinct,  when  we  recollect 
thatoutof  1122  species  of  fossil  testaceaobtained  from  the  Paris 
basin,  38  only  can  be  identified  with  species  now  living.  We 
have  more  than  once  adverted  to  the  fact  that  extinct  mam- 
malia are  often  fuimd  associated  with  assemblages  of  recent 
shells,  a  fact  from  which  we  have  inferred  the  inferior  duration 
of  species  in  mammalia  as  compared  to  the  testacea ;  and  it  is 
not  improbable  that  ihe  higher  order  of  animals  in  genernl  may 
more  readily  become  extinct  ihan  the  marine  molluscs.  Some 
of  the  thirty-eight  species  of  test  acea  above  alluded  to,as  having 
survix'e<l  from  the  Eocene  period  to  our  own  times,  have  now  a 
■  Cuvier,  Oh.  Fon.  torn,  ii 
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wide  geographical  range,  as,  for  example,  Lucina  divaricata, 
and  art  itiercfoic  fitted  to  exist  under  a  great  variety  of  cir- 
cumstanceR.  On  tlic  other  hand,  the  great  proportion  of  the 
Eocene  marine  testacea  which  have  become  extinct  sufficiently 
demonstrates  tliat  the  loss  of  species  has  been  due  to  general 
laws,  and  that  a  sudden  catastmphe,  such  as  the  invasion  of  a 
whoje  continent  by  tlie  sea — a  cause  which  could  only  anni- 
hilate the  terrestrial  and  fresh-water  tribes,  is  an  hypothesii 
wholly  inadequate  to  account  for  the  phenomenon. 

Strata  with  and  uiikout  nujanic  remains  aUernating. — Be- 
tween the  gypsum  of  the  Paris  basin  and  the  upper  marine 
sands  a  thin  bed  of  oysters  is  found,  whicli  is  spread  over  a 
remarkably  wide  area.  From  the  manner  in  which  they  lie,  it 
is  inferred  that  they  did  not  grow  on  the  spot,  but  that  some 
current  swept  ihcni  away  from  a  bed  of  oysters  formed  in  some 
other  part  of  the  bay.  The  strata  of  sand  wliich  immediately 
repose  on  the  oyster-bed  are  quite  destitute  of  organic  remains ; 
and  nothing  is  more  common  in  the  Paris  basin  and  in 
other  formations,  than  ahernations  of  shelly  beds  with  otliera 
entirely  devoid  of  them.  The  temporary  extinction  and 
renewal  of  animal  life  at  successive  periods  have  been  inferred 
from  such  phenomena,  which  may  nevertheless  be  explained, 
as  M,  Prevost  justly  remarks,  without  appealing  to  any  such 
extraordinary  revolutions  in  the  state  of  the  animate  creation. 
A  current  one  day  scoops  out  a  channel  in  a  bed  of  shelly  sand 
and  mud,  and  the  next  day,  by  a  slight  alteration  of  its  course, 
ceases  to  prey  upon  the  same  bank.  It  may  then  become 
charged  with  sand  unmixed  with  shells,  derived  from  some  dune, 
or  brought  down  by  a  river.  In  the  course  of  ages  an  in- 
deHnitc  number  of  transitions  from  shelly  strata  to  those  with- 
out shells  may  thus  be  caused. 

ConclniJing  remarks. — It  will  he  seen  by  our  obserrations 
on  Aiivcrgne  and  other  parts  of  Central  France,  and  on  the 
district  round  Paris,  tliat  geologists  have  already  gained  a  con- 
«derable  insight  into  the  state  of  the  physical  geography  of 
part  of  Euro[7c  during  the  Eocene  period.     We  can  point  tg 
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wine  diuricls  where  bkes  and  rivers  llien  existed,  and  to  the 

ale  of  some  of  the  lands  encircling  those  bkcs,  and  to  tlie 

posiioo  of  a  great  bay  of  the  nea,  into  which  their  surplus 

vaieri  were  discharged.     We  can  also  show,  as  wc  shall  en- 

ie&voiir  to  explain  in  the  next  chapter,  the  points  where  some 

tolcanic  eruptions  took  place.     We  have  acquired   much  in- 

farmation  respecting  thu  quadrupeds  which  inhublCcd  the  land 

at  that  period,  and  concerning  t!ie  reptiles,  fishes,  and  tcstacea 

»liich  swarmed  in  the  waters  of  lakes  and  rivers;  and  we  have 

acollection  of  the  marine  I^occne  shells  more  complete  than  has 

jet  been  obtained  from  any  existing  sea  of  equal  extent  in 

Europe.     Nor  are  the   contemporary  fossil  plants  altogether 

unknown  to  us,  which,  like  the  animals,  are  of  extinct  species, 

and  indicate  a  warmer  climate  than  that  now  prevailing  in  the 

same  latitudes. 

When  we  reflect  on  the  tranquil  state  of  the  earth  implied 
by  Bome  of  the  lacustrine  and  marine  deposits  of  this  age,  and 
consider  the  fullness  of  all  the  diBerent  classes  of  the  animal 
kingdom,  as  deduced  from  the  study  of  the  fossil  remains,  we 
are  naturally  led  to  conclude,  that  the  earth  was  at  that  period 
in  a  perfectly  settled  state,  and  already  fitted  for  the  habitation 
of  man. 

The  heat  of  European  latitudes  during  the  Eocene  period 
does  not  seem  to  have  been  superior  if  equal  to  that  now  ex- 
perienced between  the  tropics ;  some  Uving  species  of  mol- 
luscous animals  both  of  the  land,  the  lake,  and  the  sea,  existed 
when  the  strata  of  the  Paris  basin  were  formed,  and  the  con- 
trast in  the  organization  of  the  various  tribes  of  Eocene 
animals  when  compared  to  those  now  co-exisiing  with  man, 
although  striking,  is  not,  perhaps,  so  great  as  between  the 
living  Australian  and  European  types.  At  the  same  lime  we 
arc  fully  aware  that  we  cannot  reason  with  any  confidence  on 
the  capability  of  our  own  or  any  other  contemporary  species  to 
exiftt  under  circumstances  fo  different  as  those  which  might 
be  caused  by  an  entirely  new  dislributiou  of  land  and  sea; 
and  we  know  that  in  the  enriier  tertiary  periods  the  physical 
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geography  of  the  northern  hemisphere  was  very  distinct.  Our 
inability  to  account  for  the  atmospheric  and  other  latent 
causes,  which  often  give  rise  to  the  most  destructive  epidemics^ 
proves  the  extent  of  our  ignorance  of  the  entire  assemblage  of 
conditions  requisite  for  the  existence  of  any  one  species  on 
the  globe. 


CHAPTER  XrX. 

I  Tidcanic  rocLi  of  the  Eocene  period — A uvergne— Igneous  fonnatioas  uiuidDled 
with  Ueuslriiie  strnlfl— Hill  of  Gergovia— EniiiiionH  in  Central  Krnnce  at  lue- 
cvuivD  p«riod«— Mont  Dot  an  crtiucl  volcnno— Velay— Plomb  dn  Cantal— 
Train  of  minoc  volcano!  itretching  from  Auiec^ne  to  the  Vivaiali — Moabi 
Dome* — Puy  de  CAme — Puy  Kongo — Ravines  excavated  threugh  lava — Cur- 
lenli  or  lava  at  different  heights— Sutijacc at  alluviuma  of  dialinct  ages— Tha 
moic  modem  laras  of  Cenlral  France  may  belong  to  the  Miocene  period — Tb* 
integrity  of  the  cones  not  inconsittvnl  vith  this  opinion — No  eruptions  duiing 
the  historical  era — Division  of  voUanos  into  ante-diluvian  and  pott-diluvian  ia- 
admbii bio— Theories  respecting  Iho  efiects  of  the  flood  conwdereil- Hypo- 
thais  of  a  partial  flood— Of  a  uniiersal  deluge— Theory  of  Dr.  Bucklnnd  u 
controTerled  by  Dr.  Fleming — KHeapiluIatioii. 


EOCENE  VOLCANIC  ROCKS. 

Wben  we  treated  in  the  seventeenth  chapter  of  ihe  lacustrine 
deposits  of  Central  France,  we  purposely  omitted  to  give  a 
detailed  account  of  the  associated  volcanic  rocks,  to  which  we 
DOW  recall  the  attention  of  the  reader.  (Sec  the  Map,  p.  226.) 
We  stated  that,  in  the  arenaceous  and  pebbly  group  of  the 
lacustrine  basins  of  Auvergne,  Cantal,  and  Veiny,  no  volcanic 
pebbles  had  ever  been  detected,  although  massive  piles  of 
Igneous  rocks  are  now  found  in  the  immediate  vicinity.  As 
this  observation  has  been  confirmed  by  minute  research,  we  are 
warranted  in  inferring,  as  we  before  explained,  that  the  volcanic 
eruptions  had  not  commenced  when  the  older  subdivisions  of 
the  fresh-water  groups  originated. 

In  Cantal  and  Velay  wc  believe  no  decisive  proofs  have  yet 
been  brought  to  light  that  any  of  tlic  igneous  out-bursts  hap- 
pened during  the  deposition  of  tlie  fresh-nalcr  strata  ;  but  there 
can  be  no  doubt  that  in  Auvergne  some  volcanic  explosions 
took  place  before  the  drainage  of  the  lakes,  and  at  a  time  when 
the  Eocene  species  of  animals  and  plants  still  flourished.  We 
I  shall  first  advert  to  these  proofs  as  relating  to  the  history 
Vol-  HI.  S 
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of  the  period  under  consideration,  and  sliall  then  proceed  to 
show  that  there  are  in  tlie  same  country  volcanic  rocks  of 
much  newer  date,  some  of  which  appear  to  be  refcrriblc  to  the 
Miocene  era. 

Volcanic  rocks  associated  with  Lacusfrinc  in  Auvergne. — Tlie 
first  locality  to  whicli  wc  sliali  call  the  reader's  attenlion  is  Pont 
du  Chateau  near  Clermont,  where  a  section  is  seen  in  a  preci- 
pice on  the  right  bank  of  the  river  AUier*.  Beds  of  volcanic  tufT 
alternate  with  a  fresh-water  limestone,  which  is  in  some  pUces 
pure,  but  in  others  spotted  witli  fragments  of  volcanic  matter, 
as  if  it  were  deposited  while  showers  of  satid  and  scoritB  were 
projected  from  a  neighbouring  vent  +.  This  hmestonc  conlaios 
the  Helix  Ramondi  and  other  shells  of  £ocene  species.  Il  is 
immaterial  to  our  present  argument  whether  the  volcanic  sand 
was  showered  down  from  above,  or  drifted  to  the  spot  bj  a 
river,  for  the  latter  opinion  must  presuppose  the  country  to 
have  been  coveretl  with  volcanic  ejectious  during  the  Eocene 
period. 

Another  esample  occurs  in  the  Puy  de  Alarmonl,  near 
Veyres,  where  a  fresh-water  marl  alternates  with  volcanic  luff 
containing  Eocene  shells.  The  tuff  or  breccia  in  this  locality 
is  predsely  such  as  is  known  to  result  from  volcanic  ashes 
falling  into  water,  and  subsiding  together  with  ejected  frag- 
ments of  marl  and  other  stratified  i-ocks.  These  luffs  and 
marls  are  highly  inclined,  and  traversed  by  a  thick  van  of 
basalt  which,  as  it  rises  in  the  hill,  divides  into  two  branches. 

Gergovia. — The  hill  of  Gergovia  near  Clermont  affords  a 
third  example.  We  agree  with  MM.  Dufr^noy  and  Jobert 
that  there  is  no  alternation  here  of  lava  and  fresh-water  strata, 
in  the  manner  supposed  by  some  other  observers  J;  but  the 
position  and  contents  of  some  of  the  tuffs  prove  them  to  ha»e 
been  derived  from  volcanic  eruptions  which  occurred  during 
the  deposition  of  the  Eocene  formations. 

*  Thii  place,  and  all  the  others  in  AuviTi^ne,  mentiuiicd  in  Ihii  chlptVi  «M 
Biamincd  hy  the  aulhor,  in  eompaiiy  wif  li  Mr.  Murcbiaon,  in  18Z8. 

\  5v«  Ucrops'i  Central  Fiaiice,p.  2].  {  Scrope, ibid,  p.  7. 
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2  bottom  of  the  hill  consists  of  slightly  inclined  beds  of 
■■^e   aud  greenish  marls,  more  than  three  hundred  feet  in 
ness,  which  are  intersected  by  a  dike  of  basalt,  which  may 
^ihUhlied  in  the  ravine  above  the  village  of  Mcrdogne,     The 
B  here  cuts  through  the  marly  strata  at  a  considerable  angle, 


producing,  in  general,  great  alteration  and  confusion  in  them  for 
some  distance  from  the  point  of  conlact.  Above  the  white  and 
green  marls,  a  scries  of  beds  of  limestone  and  marl,  containing 
fresh-water  shells,  are  seen  to  alternate  with  volcanic  tuff.  In 
the  lowest  part  of  this  division,  beds  of  pure  marl  alternate 
with  compact  fissile  tuff  resembling  some  of  the  subaqueous 
tuffs  of  Italy  and  Sicily  called  peperinos.  Occasionally  frag- 
menis  of  scoriae  are  visible  in  this  rock.  Slill  higher  is  seen 
another  group  of  some  thickness,  consisting  exclusively  of  tuflf, 
upon  which  lie  other  marly  strata  intermixed  with  volcanic 
matter. 

There  are  many  points  in  Auvorgne  where  igneous  rocks 
have  been  forced  by  subsequent  injection  through  clays  and 
marly  limestones,  in  such  a  manner  that  the  whole  has  become 
blended  in  one  confused  and  brecciated  mass,  between  which 
and  the  basalt  there  is  sometimes  no  very  distinct  hne  of  de- 
marcation. In  the  cavities  of  such  mixed  roeks  we  often  find 
palcedony  and  crystals  of  mesotypc,  stilbiCe  and  arragonite.    To 
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formations  of  this  class  may  belong  some  of  the  breccias  imnie- 
diately  adjoining  the  dike  in  the  hill  of  Gergovia ;  but  il 
cannot  be  contended  that  the  volcanic  sand  and  scoriie  inter- 
Btraiified  with  the  marls  and  limestones  in  the  upper  part  of 
that  hill  were  introduced,  like  the  dike,  subsequently  by  intru- 
sion from  below.  They  must  have  been  thrown  down  like 
sediment  from  water,  and  can  only  have  resulted  from  igneoiu 
action  which  was  going  on  contemporaneously  with  the  depo- 
sition of  the  lacustrine  strata. 

The  reader  will  bear  in  mind  that  this  conclusion  agrees  well 
with  ihe  proofs,  adverted  to  in  the  seventeenth  chapter,  of  ihe 
abundance  of  silex,  travertin  and  gypsum  precipitaled  wlien 
the  upper  lacustrine  sti'ata  were  formed :  for  these  rocks,  a 
we  have  pointed  out,  are  such  as  the  waters  of  mineral  and 
thermal  springs  might  generate. 

The  igneous  products  above  mentioned,  as  associated  wilh 
the  lacustrine  strata,  form  the  lowest  members  of  the  great 
series  of  volcanic  rocks  of  Auvergue,  Cantnl,  and  Velay,  which 
repose  for  the  most  part  on  the  granitic  mountains  (see  Map, 
above,  p.  226).  There  was  evidently  a  long  succession  of 
eruptions,  beginning  with  those  of  the  Eocene  period,  and 
ending,  so  far  as  we  can  yet  infer  from  the  evidence  derived 
from  fossil  remains,  with  those  of  the  Miocene  epoch.  The 
oldest  part  of  the  two  principal  volcanic  masses  of  Mont  Dor 
and  the  Plomb  du  Cantal  may  perhaps  belong  to  the  Eocene 
period, — the  newer  portion  of  the  same  mountains  to  the  Mio- 
cene ;  just  as  Etna  commenced  its  operations  during  the  newer 
Pliocene  era,  and  has  continued  them  down  to  the  Recent 
epoch,  and  still  retains  ils  energy  undiminished.  There  are 
some  parts  of  the  Mont  Mezen,  in  Velay,  which  are  perhaps 
of  the  same  antiquity  as  the  oldest  parts  of  Mont  Dor.  Be- 
sides these  ancient  rocks,  of  which  the  lavas  are  in  a  great 
measure  trachytic,  there  are  many  minor  cones  in  Central 
France,  for  the  most  part  of  poslerior  origin,  which  extend  from 
Auvergne,  in  a  direction  north-west  and  south-east,  through 
Velay,  into  the  Vivarais,  where  they  arc  seen  in  the  basin  of 
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-Aj^C'che.  This  volcanic  line  does  not  pass  by  tliePlomb 
^^■nliil;  it  was  formed,  as  nearly  as  we  can  conjecture  in 
*  ^»resenl  imperfect  stale  of  our  knowledge,  during  the  Mio- 
**  period ;  but  there  may  probably  be  found,  among  these 
and  their  accompanying  lavas,  rocks  of  every  intcrme- 
age  belween  the  oldest  and  newest  volcanic  formations 
Central  France. 

MVe  shall  first  give  a  brief  description  of  the  Mont  Dor  and 

e  Plomb  du  Caiital,  and  then  pass  on  to  the  train  of  newer 

Bes,  examining  the  evidence  at  present  oblaintd  respecting 

tbor  relative  ages,    and   the  light  which  they  ihruw  on  the 

locessive  formation  of  alluviums  and  on  the  excavation  of 

uUeys. 

Mtmt  Dor. — Mont  Dor,  the  most  conspicuous  of  the  vol- 

nic  masses  of  Auvergne,  rests  initncdialely  on  the  granitic 

locks   standing  apart  from  the   fresh-water   strata*.      Tins 

volcano  rises  suddenly  to  the  height  of  several  thousand  feet 

above  the  surrounding  platform,  and  retains  the  shape  of  a 

flattened  and  somewhat  irregular  cone,  all  the  sides  sloping 

more  or  less  rapidly,  until  tbeii-  inclination  is  gradually  lost  in 

the  liigh  plain  around.     It  is  composed  of  layers  of  scoria;, 

pumice-stones,  and  their  fine  detritus,  interst ratified  with  beds 

of  trachyte  and  basalt,  which  descend  often  in  uninterrupted 

currents,  till   they  reacli  and    spread   themselves  aroimd   the 

base  of  tile  mountain  f .       Conglomerates  also,  composed  of 

angular  and  rounded  fragments  of  igneous  rocks,  are  observed 

to  alternate  with  the  above ;  and  the  various  masses  are  seen 

to  dip  off  from  the  central  axis,  and  to  lie  parallel  to  the 

doping  flanks  of  the  great  cone,  in  the  same  manner  as  we 

have  described  when  treating  of  Etna. 

The  summit  of  the  mountain  terminates  in  seven  or  eight 
rocky  peaks,  where  no  regular  crater  can  be  traced,  but  where 
we  may  easily  imagine  one  to  have  existed  which  mny  have 
been  shattered  by  earthquakes,  and  have  suffered  degradation 
by  aqueous  causes.  Originally,  perhaps,  like  the  highest 
*  Set  thu  Map,  p.  22G.  t  Scrope'i  Cunlrol  France,  p.  98, 
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crater  of  Etna,  it  may  have  formed  an  insigiuGcant  feature  ioiH 
the  .great  pile,  and  may  frequently  have  been  destroyed  aniSi 
renovated.  I 

We  cannot  at  present  determine  the  age  of  the  great  mass  , 
of  Mont  Dor,  because  no  organic  remains  liave  yet  been  found, 
in  the  tuff's,  except  impressions  of  the  leaves  of  trees  of  spedes 
not  determined.  Some  of  the  lowest  parts  of  the  great 
mass  are  formed  of  white  pumiceous  tuffs,  in  which  animal 
remains  may  jwrhaps  be  one  day  found.  In  the  mean  time, 
we  conclude  that  Mom  Dor  had  no  existence  when  the  griu 
and  conglomerates  of  the  Limagne,  which  contain  no  volcanic 
materials,  were  formed ;  but  some  of  the  earliest  eruption! 
may  perhaps  have  been  contemporary  with  those  described  in 
the  commencement  of  this  chapter.  To  the  latest  of  these 
eruptions,  on  the  other  liand,  we  refer  those  tracliylic  breceiu 
of  Mont  Perrier  which  were  shown  in  the  sixteenth  chapter,  p. 
217.  to  alternate  with  Miocene  alluviums. 

Velay.— The  observations  of  M.  Bertrand  de  Doue  have  not 
yet  established  that  any  of  the  most  ancient  volcanos  of  Velay 
were  in  action  during  the  Eocene  period,  aUhough  it  is  very 
probable  that  some  of  them  may  have  been  conlemporaneous 
with  the  oldest  of  the  Auvergne  lavas.  There  are  beds  of 
gravel  in  Velay,  as  in  Auvergne,  covered  by  lava  at  different 
heights  above  the  channels  of  the  existing  rivers.  In  the 
highest  and  most  ancient  of  tliese  alluviums  the  pebbles  are 
exclusively  of  granitic  rocks;  but  in  the  newer,  which  are 
found  at  lower  levels,  they  contain  an  intermixture  of  volcanic 
Eubstances.  We  have  already  shown,  in  the  sixteenth  chapter, 
that,  in  the  volcanic  ejections  and  alluviums  covered  by  the 
lavas  of  Velay,  the  bones  of  animals  of  Miocene  species  have 
been  found,  in  which  respect  the  phenomena  accord  perfectly 
with  those  of  Auvergne. 

Plomb  du  Cunlal. — In  regard  to  the  age  of  the  igneoui 
rocks  of  ihe  C'antal  we  are  slill  less  informed,  and  at  present 
can  merely  aflirm  tliat  they  overlie  the  Eocene  lacustrine  straU 
of  that  country,     The  I'lomb  du  Cantal  (see  Map,  wood-cut 
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o.  56)  is  a  conical  mass,  wliich  lias  evidently  been  formed, 
Ite  the  cone  of  Etna,  by  a  lung  series  of  eruptions.  It  is 
'-Oompoaed  of  trachytic  and  basaltic  lavas,  tufi's,  and  conglo- 
■Derates,  or  brecdas,  forming  a  mountain  several  thousand  feet 
\a  height.  This  volcano  evidently  broke  out  precisely  on  the 
m  Me  of  the  lacustrine  deposit  befure  described  (Chapter  xvii.), 
li  which  had  accumulated  in  a  depression  of  a  tract  composed  of 
|b  micaceous  Bchisl.  In  the  breccias,  even  to  the  very  summit 
b  of  the  mountain,  wc  find  ejected  masses  of  the  fresh-water 
beds,  and  sometimes  fragments  of  flint,  containing  Eocene 
■bells.  Deep  valleys  radiate  in  all  directions  from  the  central 
heights  of  the  mountain,  especially  those  of  the  Cer  and  Jour- 
danne,  which  are  more  than  twenty  miles  in  length,  and  lay  open 
the  geological  structure  of  th«  mountain.  No  alternation 
of  lavas  with  undisturbed  Eocene  strata  have  been  observed, 
nor  any  tuffs  containing  fresh-water  shells;  on  the  northern 
sde  of  the  Plomb  du  Cantal,  at  La  Vissiere,  near  Murat,  we 
have  pointed  out  on  the  Map  (wood-cut,  p.  'Z'2ii)  a  spot  where 
fresh-water  limestone  and  marl  are  seen  covered  by  a  thickness 
of  about  800  feet  of  volcanic  rock.  Shifts  are  here  seen  in  the 
strata  of  limestone  and  marl  *. 

Although  it  appears  that  the  lavas  of  the  Cantal  are  more 
.'  recent  than  the  fresh-water  formation  of  that  country,  it  does 
Dot  follow  that  they  may  not  belong  to  the  Eocene  |>eriod. 
The  lake  may  possibly  have  been  drained  by  the  earthquakes 
which  preceded  or  accompanied  the  first  eruptions,  but  the 
£ocene  animals  and  plants  may  have  continued  to  exist  for  a 
'  long  series  of  ages,  while  the  cone  went  on  increasing  in 
dimensions. 

Train  of  minor  Volcanos. — We  shall  next  consider  those 
minor  volcanos  before  alluded  to,  which  stretch  in  a  long  range 
from  Auvergne  to  the  Vivaraia,  and  which  appear  for  the 
most  part  to  be  of  newer  origin  than  the  mountains  above 
described.  They  have  been  thrown  up  in  a  great  number  of  J 
iwlated  points,  and  much  resemble  those  scattered  over  the     1 
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Plilegrasan  fields  and  the  flanks  of  Etna.     They  have  give-   a| 
rise  chiefly  to  currents  of  basaltic  lava,  whereas  those  of  MorT:^ri 
Dor  and  the  Canlal  are  in  great  part  trachytic.     There  ai— ^ 
perhaps  about  three  hundred  of  these  minor  cones  in  Centn»i 
France ;  but  a   part  of  them  only  occur  in  Auvcrgne,  wher« 
some  few  arc  found  at  the  bottom  of  valleys  excavated  tlirougTi 
the  more  ancient  lavas  of  Mont  Dor,  as  the  Puy  dc  Tartaret, 
for  example,  whence  issues  a  current  of  lava  whieh,  flowiun- 
into  the  bed  of  the  river  Couze,  gave  rise  to  the  lake  of  Cham- 
bon.     Here  the  more  ancient  columnar  basaltsof  Auvergneare 
seen  forming  the  upper  portion  of  the  precipices  which  bound 
the  valley. 

But  the  greater  part  of  the  minor  cones  of  Auvergne  aie 
placed  upon  the  granitic  platform,  where  they  form  an  irregular 
ridge  about  eighteen  miles  in  Jenglh  and  two  in  breadth, 
They  are  usually  truncated  at  the  summit,  where  tlte  cralcr 
is  often  preserved  entire,  the  lava  having  issued  from  the  base 
of  the  hill.  But  frequently  the  crater  is  broken  down  on  one 
side,  where  the  lava  has  flowed  out.  The  hills  are  composed 
of  loose  scoriffi,  blocks  of  lava,  lapilli,  and  piizzuolana,  with 
fragments  of  trachyte  and  granite. 

The  lavas  may  l>e  often  traced  from  the  crater  to  the  nearest 
valley,  where  they  usurp  the  channel  of  the  river,  which  has 
often  excavated  a  deep  ravine  through  the  basalt.  We  have 
thus  an  opportunity  of  contrasting  the  enormous  degradation 
which  the  solid  and  massive  rock  has  suffered  by  aqueous 
erosion  and  the  integrity  of  the  cone  of  sand  and  ashes  which 
has,  in  the  mean  time,  remained  uninjured  on  the  neighbouring 
platform,  where  it  was  placed  beyond  the  reach  of  the  power  of 
running  water. 

Fuy  de  Come. — Wo  may  mention  the  Piiy  de  Come  and 
its  lava  current,  near  Clermont,  as  one  of  the  numerous  illus- 
trations of  the  phenomenon  here  alluded  to.  This  conical 
hill  rises  from  the  granitic  platform  at  an  angle  of  about  40 
degrees  to  the  height  of  more  than  900  feet.  Its  summit  pre- 
sents two  distinct  cnitcrs,  one  of  tiiem  with  a  vertical  depth  of 


in.  SIX.] 


RAVINES  EXCAVATED  THROUGH  LAVA.  265 


£50  feet.  A  etream  of  lava  takes  its  rise  at  the  western  base 
»f  the  hill,  instead  uf  issuing  from  either  crater,  and  descends 
he  granitic  slope  towards  the  present  site  of  the  town  of  Pont 
jibaud.  Thence  it  pours  in  a  broad  slieet  down  a  steep 
lecHvity  Into  the  vuilcy  of  the  Sioule,  filling  the  ancient  river- 
ehannel  for  the  distance  of  more  than  a  mile.  The  Sioule, 
thus  dispossessed  of  its  bed,  lias  worked  out  a  fresh  one  between 
the  lava  and  the  granite  of  its  western  bank ;  and  the  excava- 
tion has  disclosed,  in  one  spot,  a  wall  of  columnar  basalt  about 
fifty  feet  high  ■". 

The  excavation  of  the  ravine  is  stiil  in  progress,  every  winter 
some  columns  of  basalt  being  undermined  and  carried  down 
the  channel  of  the  river,  and  in  the  course  of  a  few  miles  rolled 
to  sand  and  pebbles.  Meanwhile  the  cone  of  Come  remains 
stationary,  its  loose  materials  being  protected  by  a  dense  vege- 
tation, and  (he  hill  standing  on  a  ridge  not  commanded  by 
«ny  higher  ground  whence  floods  of  rain-water  may  descend. 

Puy  Rouge. — At  another  point,  farther  down  the  course  of 
the  Sioule,  we  fiiul  a  second  illustration  of  the  same  pheno- 
menon in  the  Puy  Rouge,  a  conical  hill  to  the  north  of 
the  village  of  Pranal.  The  cone  is  composed  entirely  of 
red  and  black  scorise,  tuff,  and  volcanic  bombs,  On  its  western 
side  there  is  a  worn-down  crater  whence  a  powerful  sti-eam 
of  lava  has  issued  and  flowed  into  the  valley  of  the  Sioule. 
"Hie  river  has  since  excavated  a  ravine  through  the  lava  and 
subjacent  gneiss,  to  the  depth  of  400  feet. 

On  the  upper  part  of  the  precipice  forming  the  left  side  of 
this  ravine,  we  see  a  great  mass  of  black  and  red  scoriaceous 
hva ;  below  this  a  thin  bed  of  gravel,  evidently  an  ancient 
river-bed,  now  at  an  elevation  of  50  feet  above  the  channel  of 
the  Sioule.  The  gravel  again  rests  upon  gneiss,  which  has 
been  eroded  to  the  depth  of  50  feet  f .  It  is  quite  evident  in 
this  case  that,  while  the  basalt  was  gradually  undermined  and 

•  Scrope'i  t'cnltal  Frnnce,  p.  60,  snd  pLilo. 

i  Ste  hyM  ana  Miircblsou  oo  llm  Eicavatiua  of  Valley*,  Gdin.  Nbw  Phil 
Awrn.,  July  1829. 
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carried  away  by  the  force  of  runniug  water,  the  cone  wtieace 
the  lava  issued  escaped  destruction,  because  it  btood  upon  a 
platrorm  of  gneiss  several  hundred  feet  above  the  level  of  tbe 
valley  in  which  the  force  of  running  water  was  exerted. 

It  is  needless  to  multiply  examples,  or  the  Vivarais  would 
supply  many  others  equally  striking.  Among  many  we  may 
instance  the  cone  of  Jaujac,  and  its  lava  current  *,  which  in 
counterpart  of  that  near  Franal  last  mentioned. 

Lavas  and  Alluviums  of  different  Ages — We  have  seen  tbll 
on  the  flanks  of  Etna,  since  the  commencement  of  the  preBOll 
century,  several  currents  of  lava  have  flowed  at  the  bottom  of 
the  Val  del  Bove,  at  the  foot  of  precipices  formed  of  nii>re 
ancient  lavas  and  tuff's.  So  we  find  in  Auvergne  that  some 
streams  of  melted  matter  have  flowed  in  valleys,  the  sides  uF 
which  consist  partly  of  older  lavas.  These  are  often  seen 
capping  the  hills  in  broad  sheets,  resting  sometimes  on  graniu. 
sometimes  on  fresh-water  strata. 

Many  of  the  earlier  lavas  of  Auvergne  have  flowed  out  upon 
the  platform  of  granite  before  all  tlie  existing  valleys  had  been 
excavated  ;  others  again  spread  themselves  in  broad  sheets  over 
the  horizontal  lacustrine  deposit,  when  these  had  been  covered 
with  gravel,  probably  soon  after  the  drainage  of  the  lakes, 
Great  vicissitudes  in  the  physical  geography  of  the  counlrj 
must  have  taken  place  since  the  flowing  of  these  ancient  lavas; 
and  it  is  evident  that  the  chonges  were  gradual  and  suc- 
cessive, caused  probably  by  the  united  agency  of  running 
water  and  subterranean  movements.  AVe  frequently  observe 
one  mass  of  lava  capping  a  hill,  and  a  second  at  a  lower  elevo" 
tion,  forming  a  terrace  on  the  side  of  a  valley ;  or  sometiiiKi 
occupying  the  bed  of  a  river. 

It  is  a  most  interesting  fact  that  we  almost  invariably  And 
in  these  cases  beds  of  gravel  underlying  the  successive  current! 
of  lava,  as  in  Catalonia  before  described  (pp.  Ib'J,  190).  Occa- 
nonally,  when  the  highest  platform  of  lava  is  70U  or  800  feet 
sbove  the  lowest,  we  cannot  fail  to  be  struck  with  the  won- 
•  See  Bcropa'b  Central  France,  I'lalo  14. 
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rful  alterations  effected  in  the  drainage  of  the  country  since 
s  first  current  tfowed;  for  the  most  elevated  alluviums  must 
No.  ei. 


originally  have  been  accumulated  in  the  lowest  levels  of  the 
then  existing  surface.  As  some  geologists  liave  referred 
almost  all  the  superficial  gravels  to  one  era,  and  have  supposed 
Uicm  to  be  the  result  of  one  sudden  catastrophe,  the  phe- 
nomena of  Auvergne  above  alluded  lo  are  very  important. 
The  flows  of  volcanic  mutter  have  preserved  portions  of  the 
stirface  in  the  state  in  which  thej  existed  at  successive  periods, 
■o  that  it  is  impossible  to  confound  together  the  alluviums  of 
different  ages.  The  render  will  sec  at  once  by  reference  to 
the  wood-cut  (No.  Gl)  that  a  considerable  interval  uf  time 
occurred  between  the  formation  of  the  uppermost  bed  of  gravel 
and  that  next  below  it ;  during  which  interval  the  uppermost 
lava  was  poured  out  and  a  valley  excavated,  at  the  bottom  of 
which  the  second  bed  of  gravel  accumulated.  In  like  manner 
the  pouring  out  of  n  second  current  of  lava,  and  a  farther 
deepening  of  the  valley,  took  place  between  the  date  of  the 
second  gravel  and  that  of  the  modern  alluvium  which  now  fills 
the  channel  of  the  river  *. 

•  For  IncuUtii's  in  Ceotriil  Frann  vli«re  InTM  or  thpcts  of  basnit  rciixie  on 
■lliitiumi  M  Uiffcrenl  elcralioni  »bo«  the  pt«fnt  valluya,  conniilt  Iho  worki  of 
UU.  Le  Grand  d'AiUki,  MuaUoiicr,  Rimoad,  Scrupe,  Bertnud  de  Uau«,  Cluiiel, 
J«lNlti  Bouilkt,  and  othen. 
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When  rivers  are  dispossessed  of  their  channels  by  lava,  thi 
usually  flow  between  the  mass  of  lava  and  one  side  of  tlw  ' 
original  valley.  They  then  eat  out  a  passage,  partly  throngli 
the  volcanic  and  partly  through  llie  older  formation ;  but  an 
the  soft  tertiary  marls  in  Auvergnc  give  way  more  readily 
than  the  basalt,  it  is  usually  at  the  expense  of  the  former  ibal 
the  enlarging  and  deepening  of  the  new  valley  is  effected,  and 
all  the  remaining  lava  is  then  left  on  one  side,  in  the  mgnner 
represented  in  the  above  wood-cut. 

Age  of  fhe  more  modern  lavas. — The  only  organic  renuiM 
found  as  yet  in  the  ancient  alluviums  appear  to  belong  to 
the  Miocene  period ;  but  we  have  heard  of  none  discovered 
in  the  gravel  underlying  the  newest  lavas,  —  those  wliith 
either  occupy  the  channels  of  the  existing  rivers  or  are  very 
slightly  elevated  above  tliem.  We  think  it  not  improbable 
tliat  even  these  may  be  of  Miocene  dale,  although  the  con- 
jecture will  appear  extremely  rash  to  some  who  are  aware 
that  the  cones  and  craters  whence  the  lavas  issue,  are  often 
as  fresh  in  their  aspect  as  the  majority  of  the  cones  of  the  forest 
zone  of  Etna. 

The  brim  of  the  crater  of  thePuyde  Parion,neRr  Clermont, 
is  so  sharp,  and  has  been  so  little  blunted  by  time,  that  it  scarceW 
affords  room  to  stand  upon.  This  and  other  cones  in  an 
equally  remarkable  state  of  integrity  have  stood,  we  conceive, 
uninjured,  not  in  spiie  of  their  loose  porous  nature,  as  some 
geologists  might  think,  but  in  consequence  of  it.  No  rills  can 
collect  where  all  the  rain  is  instantly  absorbed  by  the  sand 
and  scoria?,  as  we  have  shown  to  be  the  case  on  Etna  (see 
above,  p.  102),  and  nothing  but  a  waterspout  breaking  directly 
upon  the  Puy  de  Pariou  could  carry  away  a  portion  of  tlie 
hill,  so  long  as  it  is  not  rent  by  earthquakes  or  engulphed. 

Allempl  to  divide  Volcanos  info  ante-dil avian  and  post-di- 
lutiian. — The  opinions  above  expressed  are  entirety  at  variance 
with  the  dociriiics  of  those  writers  who  have  endeavoured  to 
arrange  all  the  volcanic  cones  of  Europe  under  two  divisions, 
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ofante-diluvian  and  those  of  post-diluvian  origin.  To 
former  they  attribute  sucli  hills  of  sand  and  scoriie  as 
Xhibit  on  tlieir  surface  evident  signs  of  aqueous  denudation ; 
the  latter,  such  as  betray  no  marks  of  having  ticen  exposed 
O  such  aqueous  action.  According  to  this  classification  almost 
ill  the  minor  cones  of  Central  France  must  be  called  post- 
Uluvian ;  although,  if  we  receive  this  term  in  its  ordinary 
Ution  as  denoting  posteriority  of  date  to  the  Nonchian 
deluge,  we  arc  forced  to  suppose  that  all  the  volcanic  eruptions 
occurred  within  a  period  of  little  more  than  twenty  centuries, 
or  lielween  the  era  of  the  flood,  which  happened  about  4(KX) 
years  ago,  and  the  earliest  historical  records  handed  down 
lo  us  respecting  the  former  state  of  Central  France.  Dr. 
Daubcny  has  justly  observed,  that  had  any  of  these  French 
volcanos  hcen  in  a  state  of  activity  in  the  age  of  Julius  Cxsar, 
ihat  general,  who  encamped  upon  the  plains  of  Auvergnc,  and 
laid  siege  to  its  principal  city,  (Gergovia,  near  Clermont,) 
could  hardly  have  failed  to  notice  them.  Had  there  bet^n 
even  any  record  of  ihcir  existence  in  the  time  of  Pliny  or 
Sidonius  Apollinaris,  the  one  would  scarcely  have  omitted 
to  make  mention  of  it  in  his  Natural  History,  nor  the  other  to 
introduce  some  allusion  to  it  among  the  descriptions  of  this 
his  native  province.  This  poet's  residence  was  on  the  borders 
of  the  Lake  Aidat,  which  owed  its  very  existence  to  the  dam- 
ming up  of  a  river  by  one  of  the  most  modern  lava  cur- 
rents*. 

The  ruins  of  several  Roman  bridges  and  of  the  Roman 
lialhs  at  Hoyat  confirm  the  conclusion  that  no  sensible 
alteration  has  taken  place  in  the  physical  geography  of  the 
district,  not  even  in  the  chasms  excavated  through  the  newest 
lavas  since  ages  historically  remote.  We  have  no  data  at 
present  for  presuming  that  any  one  of  the  Auvergne  cones  has 
been  prmlucec)  within  the  last  4000  or  5000  years;  and  the 
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same  may  be  said  of  tboee  of  Velay.    Until  the  bones  of  la  w^^*^ 
or  articles  of  human  workmanship  are  found  buned  mis  W^' 
some  of  their  lavas,  instead  of  the  remains  of  extinct  aninli^  W 
which  alone  have  hitherto  been  met  with,  we  shall  comaider  k 
probable,  as  we  before  hinted,  that  the  latest  of  the  vokaBB 
eruptions  may  have  occurred  during  the  Miocene  period. 

Supposed  effects  of  the  Flood. 

They  who  have  used  the  terms  ante-diluvian  and  pMt* 
diluvian  in  the  manner  above  adverted  to,  proceed  on  the 
assumption  that  there  are  clear  and  unequivocal  marks  of  tk 
passage  of  a  general  flood  over  all  parts  of  the  surfiice  of  the 
globe.     It  had  long  been  a  question  among  the  learned,  even 
before  the  commencement  of  geological  researches,  whether  the 
deluge  of  the  Scriptures  was  universal  in  reference  to  the  whole 
surface  of  the  globe,  or  only  so  with  respect  to  that  portion  of 
it  which  was  then  inhabited  by  man.     If  the  latter  interpreta- 
tion be  admissible,  the  reader  will  have  seen,  in  former  parts  of 
this  work,  that  there  are  two  classes  of  phenomena  in  the  con- 
figuration of  the  earth's  surface,  which  might  enable  us  to 
account  for  such  an  event.   First,  extennve  lakes  elevated  above 
the  level  of  the  ocean  ;  secondly,  large  tracts  of  dry  land  de- 
pressed below  that  level.   When  there  is  an  immense  lake,  having 
its  surface,  like  Lake  Superior,  raised  600  feet  above  the  level 
of  the  sea,  the  waters  may  be  suddenly  let  loose  by  the  rend- 
ing or  sinking  down  of  the  barrier  during  earthquakes,  and 
hereby  a  region  as  extensive  as  the  valley  of  the  Mississippi, 
inhabited  by  a  population  of  several  millions,  might  be  de- 
luged *.     On  the  other  hand,  there  may  be  a  country  [daced 
beneath  the  mean  level  of  the  ocean,  as  we  have  shown  to  be  the 
case  with  part  of  Asia-f ,  and  such  a  region  must  be  entirely  laid 
under  water  should  the  tract  which  separates  it  from  the  ocean 

*  See  vol.  i.  p.  89,  and  Second  Edition,  p.  101. 
t  Vol  ii.  p.  163,  and  Second  Edition,  p.  169. 
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•^  f  Bsured  or  depressed  lo  a  certain  depth.  The  great  cavity 
"  VMtern  Asia  is  18,000  square  leagues  in  area,  and  is  occu- 
!*<^  by  a  considerable  population.  The  lowest  parts,  sur- 
'^unding  the  Caspian  Sea,  are  300  feet  below  the  level  of  the 
*^mine, — liere,  therefore,  the  diluvial  waters  might  overflow 
'ne  summits  of  hills  rising  300  feet  above  the  level  of  the  plain  ; 
*>id  if  depressions  still  more  profound  existed  at  any  former 
(line  in  Asia,  the  tops  of  still  loftier  mountains  may  have  been 
'^vered  by  a  flood. 

But  it  is  undeniable,  that  the  great  majority  of  the  older 
Commentators  have  held  the  deluge,  according  to  tlie  brief 
account  of  the  event  given  by  Moses,  to  have  consisted  of  a 
rise  of  waters  over  Ihe  whole  earth,  by  which  the  summits  of 
the  loftiest  mountains  on  the  globe  were  submerged.  Many 
have  indulged  in  speculations  concerning  the  instruments  cm- 
ployed  to  bring  about  the  grand  cataclysm  ;  and  there  has  been 
a  great  division  of  opinion  as  to  the  efiects  which  it  might  be 
espccted  to  have  produced  on  the  surface  of  the  earth.  Ac- 
ctH-ding  to  one  school,  of  which  Dc  Luc  in  former  limes,  and 
more  recently  Dr.  Buekland,  have  been  zealous  and  eloquent 
supporters,  the  passage  of  the  flood  worked  a  con»iideral)Ie 
alteration  in  the  external  configuration  of  our  continents.  By 
the  last- mentioned  writer  the  deluge  is  represented  as  a  violent 
and  transient  rush  of  waters  which  tore  up  the  soil  to  a  great 
depth,  excavated  valleys,  gave  rise  to  immense  beds  of  shingle, 
carried  fragments  of  rock  and  gravel  from  one  point  to  another, 
and,  during  its  advance  and  retreat,  strewed  the  valleys,  and 
even  the  tops  of  many  hills,  with  alluvium  *. 

But  we  agree  with  Dr.  Fleming+,  that  in  the  narrative  of 
Moses  there  are  no  terms  employed  that  indicate  the  impetuotin 
rushing  of  the  waters,  either  as  tliey  rose  or  when  they  re- 

■  Bncbland,  Reliqiiin  Diluviann. 

f  Sw  B  Memoir  by  the  Rev.  Juhn  Flemln);,  D.  D  ,  na  the  Ocologicsl  Delufce, 
Edlc.  Phil.  Journ.,  vol.  liv,  p,  206,  whote  opinions  wbib  reviewed  by  the  »ulhor  ia 
Oct- 1827,  iD  VI  BiticU  in  the  Quaileity  Keriew,  No.  IxxU.  p.  ISl. 
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treated,  upon  the  restraining  of  the  rain  and  the  passing  of*  m 
wind  over  the  earth.  On  the  contrary,  the  olive- branc;!^! 
brought  back  by  the  dove,  seems  as  clear  an  indication  to  u*> 
that  the  vegetation  was  not  destroyed,  as  it  was  then  to  Noab  , 
that  the  dry  land  ivas  about  to  appear. 

We  have  been  led  with  great  reluctance  into  this  digression) 
in  the  hope  of  reheving  the  minds  of  some  of  our  readers  from 
groundless  apprehension  respecting  the  bearing  of  many  of  the 
views  advocated  in  this  work.  They  have  been  in  the  habit  of 
regarding  the  diluvial  tlieory  above  controverted  as  alone 
capable  of  affording  an  explanation  of  geological  phenomena  in 
accordance  with  Scripture,  and  ihey  may  have  felt  disapproba- 
tion at  our  attempt  to  prove,  in  a  former  chapter  *,  that  tbe 
minor  volcanos  on  the  flanks  of  Etna  may,  some  of  them,  be 
more  than  lO.IXM)  years  old.  How,  they  would  immediately 
ask,  could  they  have  escaped  the  denuding  force  of  a  diluvial 
rush  of  waters?  The  same  ohjecliou  may  have  presented 
itself  when  we  quoted,  with  so  much  respect,  the  opinion  of » 
distinguished  botanist,  that  some  living  specimens  of  the  Baa- 
bab  tree  of  Africa,  or  ihe  Taxodium  of  Mexico,  may  be  five 
thousand  years  old  f-  Our  readers  may  also  have  beeu 
astonished  at  the  high  antiquity  assigned  by  us  to  the  greater 
part  of  the  European  alluviums,  and  the  many  different 
ages  to  which  we  refer  them  if,  as  they  may  have  been  taught 
to  consider  the  whole  as  the  result  of  one  recent  and  simul- 
taneous inundation.  Lastly,  they  may  have  felt  some  dis- 
appointment at  observing,  that  we  attach  no  value  whatever 
to  the  hypothesis  of  M.  Elie  de  Beaumont,  adopted  by  Pro- 
fessor Sedgwick,  that  the  sudden  elevation  of  mountain -chains 
*  has  been  followed  again  and  again  by  mighty  waves  deso- 
lating whole  regions  of  the  earth  §,'  a  phenomenon  which, 
according  to  the  last-mentioned  of  these  writers,  lias  '  taken 


*  Chap.  V 


t  See  above,  p,  S 
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^^vay  ail    anterior    incredibility   from   tlie    fact   of  a  recent 
iloluge*' 

For  our  own  part,  we  have  always  considered  the  flood,  if 
•'e  are  required  to  admit  its  universality  in  the  strictest  sense 
•^r  the  terra,  as  a  preternatural  event  far  beyond  the  reach  of 
philosophical  inquiry,  whether  as  to  the  secondary  causes  em- 
ployed to  produce  it,  or  the  effects  most  likely  to  result  from 
H,  At  the  same  lime,  it  is  evident  that  they  who  are  desirous 
of  pointing  out  the  coincidence  of  geological  phenomena  with 
the  occurrence  of  such  a  general  catastrophe,  must  neglect  no 
one  of  the  circumstances  enumerated  in  the  Mosaic  history, 
least  of  all  so  remarkable  a  fact  as  that  the  olive  remained 
staodiag  wjiile  the  waters  were  abating. 

Itecapiltilation. — We  shall  now  briefly  recapitulate  some  of 
the  priuclpal  conclusions  to  which  we  have  been  led  by  an  exa- 
mination of  the  volcanic  districts  of  Central  France. 

Isl.  Some  of  the  volcanic  erupiions  of  Auvcrgne  took  place 
during  the  Eocene  period,  others  at  an  era  long  subsequent, 
probably  during  the  Miocene  period. 

2ndly.  There  are  no  proofs  as  yet  discovered  that  the  most 
recent  of  the  volcanos  of  Auvergne  and  Velay  are  subsequent  to 
the  Miocene  period,  the  integrity  of  many  cones  and  craters  not 
opposing  any  sound  objection  to  the  opinion  that  they  may  be 
of  indefinite  antiquity. 

3rdly-  There  are  alluviums  in  Auvergne  of  very  different 
ages,  some  of  them  belonging  to  the  Miocene  period.  Many 
of  these  have  been  covered  by  lava-currents  which  have  been 
poured  out  in  succession  while  the  excavation  of  valleys  was  ia 
progress. 

4thly.  There  are  a  multitude  of  cones  in  Auvcrgne,  Velay, 
and  the  Vivarais,  which  have  never  been  subjected  to  the  action 
of  a  violent  rush  of  waters  capable  of  modifying  considerably 
the  surface  of  the  earth. 

5lhly.   If,  therefore,  tlie  Mosaic  deluge  be  represented  as 

universal,  and  as  having  exercised  a  violent  denuding  force,  all 

*  Anuif .  Addiei*  to  Ibe  Qiiol.  Soc.,  Feb.  IBtli,1831, 
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these  cones^  several  hundred  in  number,  must  be  post-dilu- 
vian. 

Gthly.  But  since  the  beginning  of  the  historical  era,  or  the 
invasion  of  Gaul  by  Julius  Ccesar,  the  volcanic  action  in  Au- 
vergne  has  been  dormant,  and  there  is  nothing  to  countenanoe 
the  idea  that^  between  the  date  usually  assigned  to  the  Monic 
deluge  and  the  earliest  traditional  and  historical  records  of  Cen- 
tral France  (a  period  of  little  more  than  twenty  centuries),  all 
or  any  one  of  the  more  entire  cones  of  loose  scorie  were  thrown 
up. 

Lastly,  it  is  the  opinion  of  some  writers,  that  the  eartb*s 
surface  underwent  no  great  modification  at  the  era  of  the  Mo- 
saic deluge,  and  that  the  strictest  interpretation  of  the  scriptiinl 
narrative  does  hot  warrant  us  in  expecting  to  find  any  geological 
monuments  of  the  catastrophe,  an  opinion  which  is  oonsisteBt 
with  the  preservation  of  the  volcanic  cones,  however  high  thdr 
antiquity. 


CHAPTER  XX. 

p  Formalions,  eonJinurJ — Baiin  of  tha  Colentin,  or  Valognes — Rennes— 
Ibl  of  Belgium,  oi  Ihe  Nelherlaads— Aix  in  Provence— Fossil  iuacirte— 
Itllrjr  (trail  of  Englaail — Buiiiti  of  Loniloa  Bad  IlampaUre — DiOefent 
■p — PlMlic  rliif  and  saud — Loniloa  clay — lingiliot  land — Vivih-wiilet 
^  t>r  Itu  Iste  of  Wight— Palicotlieriuoi  and  oilier  foa^il  mummnlia  of  Biii< 
kl— Englith  Eocene  strata  coaformabk  to  chalk— Outliers  on  Iha  elevated 
It  of  (he  chalk — tnrcieacea  iliaKn  from  Ihcir  occurrence — Sketch  of  a 
biyotUw  origin  of  the  Eugtiah  tertiary  iilnita. 

^INO  in  the  last  three  chapters  treated  of  tlie  Eocene 
lations  of  different  parts  of  France,  we  now  propose  to 
Mne  those  which  arc  found  in  the  south-eastern  division  of 
'land;  but  before  we  pass  from  the  continent  to  our  own 
Id,  we  may  briefly  advert  to  several  other  spots  where 
hae  deposits  have  been  observed.  Their  geographical  posi- 
wil!  be  found  delineated  on  the  annexed  map  *. 

■  OF  THE  PRINCIPAL  TERTIARY   BASINS  OF  THF,  EOCENE 
Pi:RIOD. 


J^^ 


^■.    I  f-  -  -1   toceae  forronlJom. 

lata  older  thdii  Ihe  cirlmiiLlVioin  senes. 
,  The  »pacB  IbH  blank  is  occupied  hy  iMoadary  rurmBtionB,  froin  (he  old  leil 

landxtone  to  the  chalk  inclusiTC. 
nib  msp  ii  copied  from  oae  girea  1)y  M.  Dcsnoyera,  Mi-in,  iTela  Socd'Hiit. 
de  Parii,  182J,  )d.  9;  eompited  partly  from  tlial  mithor'i  abseiration*,  and 
y  ^pniUt,  Wflb>tet'»  nap,  Geol,  Traua.,  Itt  seilei,  yuI.  ii>  plate  ID, 
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Baiin  of  the  Cofenlin.  or  Valognes. — Tlie  atrala  in  the 
environs  of  Valognes,  in  the  department  of  La  Manclie,  conaA 
chiefly  of  a  coarse  limestone  resembling  the  ealcaire  grossier  of 
Paris,  of  wliicli  M.  Desnojers  lias  given  an  c-lalMratc  descrip- 
tion. It  is  occasionally  covered  with  a  compact  fresh-vraler 
limestone  alternating  with  fresh-water  marls.  In  these  Eocene 
strata  more  than  300  species  of  fossi!  shells  have  been  disco- 
vered, almost  all  identical  with  species  of  the  Paris  basin.  (See 
Tables,  Appendix  I.)  Superimposed  upon  Ibe  Eocene  strata 
of  this  basin  is  a  newer  marine  deposit,  extending  over  a 
limited  area,  the  fossils  of  wliich  agree  with  those  of  the  Faluns 
of  the  Loire*.  Here,  therefore,  the  geologist  has  an  opportu- 
nity of  observing  the  superposition  of  the  Miocene  deposits 
upon  those  of  the  age  of  the  Paris  basin, 

liennea. — Several  small  patches,  also,  of  marine  strata,  have 
been  found  by  M.  Desnoyers,  in  the  neighbourhood  of  Rennes, 
which  are  characterised  by  Eocene  fossils  and  repose  on  ancient 
rocks,  as  will  be  seen  in  the  map. 

Basin  of  Belgium,  or  the  Nelherlandi. — The  greater  part  of 
the  tertiary  formations  of  the  Low  Countries  consist  of  clay 
and  sand,  much  resembling  those  of  the  basin  of  London,  after- 
wards to  be  described.  The  fossil  shells,  also,  are  of  the  same 
species,  49  of  (vhich  will  be  found  referred  to  by  M.  Deshayes, 
in  the  tables,  Appendi^t  I. 

Aijr,  in  Provence. — Tiic  tertiary  strata  of  Aix  and  Fuveau 
in  Provence  are  of  great  thickness  and  extent,  the  lower  roem- 
bers  being  remarkable  for  containing  coal  grit  and  beds  of 
compact  limestone,  such  as  we  only  find  in  England  in 
ancient  secondary  groups.  Yet  these  strata  are  for  the  most 
part  of  fresh-water  origin,  nnd  contain  several  species  of  Eocene 
shells,  together  with  many  which  are  peculiar  to  this  basin.  It 
would  require  a  fuller  comparison  than  lias  yet  been  made  of 
the  fossil  remains  of  Aix  and  Fuveau,  before  we  can  determtne 
with  accuracy  the  relative  age  of  that  formation.  Some  of  the 
plants  seem  to  agree  with  those  of  the  Paris  basin,  while  many 
■  Desnajera,  Mem,  ie  la  SiK.  d'Hiit.  Ndt.  dc  Puii,  182S. 
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of  the  inBccts  have  been  supposed  identical  wiili  species  now 
living*.  These  insects  have  been  almost  exclusively  procured 
from  a  thin  bed  of  grey  calcareous  marl,  which  passes  into  an 
argillaceous  limestone  found  in  the  quarries  of  gypsum  near 
Aix.  The  rock  in  which  they  are  imbedded  is  so  thinly  lami- 
nated that  there  are  sometimes  more  than  70  layers  in  the 
(hicliness  of  an  inch.  The  insects  are  for  the  most  part  in 
sn  extraordinary  state  of  preservation,  and  an  impression  of 
their  form  is  seen  both  on  the  upper  and  nnder  laminae,  as  in  the 
case  of  the  Monte  Bolcit  fishes.  M.  Marcel  de  Serres  enume- 
rates 62  genera  belonging  chiefly  to  the  orders  Diptera, 
Hemiptera  and  Coleoptera.  On  reviewing  a  collection  brought 
from  Aix,  Mr.  Curtis  observes  tlial  they  are  all  of  European 
forms  and  most  of  them  referrible  to  existing  genera -t".  With 
the  single  exception  of  an  Hydrobius,  none  of  the  species  are 
aquatic.  The  antennee,  tarsi,  and  trophi  are  generally  very 
obscure,  or  distorted,  yet  in  a  few  the  claws  are  visible,  and  the 
sculpture,  and  even  some  degree  of  local  colouring,  are  pre- 
serveti.  The  nerves  of  the  wings,  in  almost  all  the  Diptera, 
are  perfectly  distinct,  and  even  the  pubescence  on  the  head  of 
one  of  them.  Several  of  the  beetles  liave  the  wings  extended 
beyond  the  elytra,  as  if  they  had  made  an  effort  to  escape  by 
flying,  or  had  fallen  into  the  water  wiiile  on  iJie  wingj. 

BASINS  OF  LONDON  AND  H.UWPSniRE. 
The  reader  will  see  in  the  small  map  above  given  (No.  62, 
p.  275,)  the  position  of  the  two  districts  usually  called  the 
basins  of  London  and  Hampshire,  to  which  the  Eocene  for- 
mations of  England  arc  confined.  These  tracts  are  bounded 
by  rising  grounds  composed  of  chalk,  except  where  the  sea 
intervenes.  That  the  chalk  passes  beneath  tlie  tertiary  strata, 
we  can  not  only  infer  from  geological  data,  but  can  prove  by 
numerous  arii6cial  sections  at  points  where  wells  have  been 
sunk,   or  borings  made  through  the  overlying  beds.      The 


•  M.  Marcrl  ile  Seirei,  Geug.  lies  Ter.  Ttrliaires  clu  Midi  de  la  FraDce. 
t  MutcliiBoD  and  Ljell.     Ed.  New  Pbil,  jBurn,,  Oct.  1829. 
i  Cuitia,  ibid-inberBfiguKiof  si>meaf  tbeiasects  are  given. 
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Eocene  deposits  arc  chiefly  marine,  and  have  generally  been 
divided  into  three  groups:  1st,  the  Flaslic  clay  and  sand, 
which  is  the  lowest  group;'  2dly,  the  London  clay;  and, 
Srdly,  the  Bagshot  sand.  Of  all  these  the  mineral  compo 
sition  is  very  simple,  for  they  consist  almost  entirely  of  clay, 
sand ,  and  sliinglf,  the  great  mass  of  clay  being  in  the  middle, 
and  the  upper  and  lower  raemhers  of  the  scrica  being  mora 


i. 


Pluslic  day  and  sand, — The  lowest  formation,  which  some- 
times attains  a  thicltness  of  from  400  to  500  feet,  consists  prin- 
cipally of  an  indefinite  number  of  beds  of  sand,  shingle,  clay, 
and  loam,  irregularly  alternating,  some  of  the  clay  being  used 
in  potteries,  in  reference  to  which  the  name  of  Plastic  clay  lias 
been  given  to  the  whole  formation.  The  beds  of  shingle  are 
composed  of  perfectly  rolled  chalk  flints,  with  here  and  there 
small  pebbles  of  quartz.  Heaps  of  these  materials  appear 
sometimes  lo  have  remained  for  a  long  time  covered  by  a  tran- 
quil sea.  Dr.  Bucklund  mentions  that  he  observed  a  large 
pebble  in  part  of  this  formation  at  Bromley,  to  which  five  full- 
grown  oyster-shells  were  affixed,  in  such  a  manner  as  to  shoir 
that  they  had  commenced  their  first  growth  upon  it,  and  re- 
mained attached  through  life*. 

In  some  of  the  associated  clays  and  sand,  perfect  marine  shelli 
are  met  with,  which  are  of  the  same  species  as  those  of  the 
London  clay.  The  line  of  separation,  indeed,  between  the 
superincumbent  blue  clay  last  alludeil  to,  and  the  Plastic  clay 
and  sand,  is  quite  arbitrary,  as  any  geologist  may  be  convinced 
who  examines  the  celebrated  section  in  Alum  Bay,  in  the  Isle 
of  Wight  f,  where  a  distinct  alternation  of  the  two  groups  ia 
observable,  each  marked  with  their  most  characteristic  pecu- 
liarities. In  the  midst  of  the  sands  of  the  lower  series  a  maea 
of  clay  occurs  200  feet  thick,  containing  septaria,  and  replete 
with  the  usual  fossils  of  the  neighbourhood  of  London  J. 

nna ,  First  S«ie9,  vol.  iv.  p.  300. 
+  S«  Mt.  Websler'.  M«moir,  Oeol.  Trans.,  toI.  ii.,  First  Series,  and  bli  Lttten 
Sir  H.  EnglefieLrj  Utu  of  Wight. 

X  S«e  Mi,  Webitei'i  Kdioni,  ptale  1 1 .    Qeol.  Tiani.,  vol,  ii.,  Fint  Series. 
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I  The  arenaceous  beds  are  clikfljr  laid  open  on  the  confines  of 

t  basins  of  London  and  Hampshire,  in  following  vr)ii(.'}i  we 
»ver  at  many  places  great  beJs  of  perfectly  rounded  flints. 

r  this  description,  on   tiie  sontli«rii  borders  of  tlie  basin  of 

Hidon,  are  tlie  bills  of  Comb  liurat  and  l!io  Addington  hills, 
ivhich  form  a  ridge  slrctching  from  Blackliealb  to  Croydon. 
FSere  tbey  have  much  the  appearance  of  banks  of  sand  and 
ihJDgle  formed  near  the  shores  of  the  tertiary  sea  ;  but  whether 
they  were  really  of  littoral  origin  cannot  be  determined  for 
want  of  a  sufficient  number  of  sections  which  might  enable  ua 
to  compare  the  tertiary  strata  at  the  edges  with  those  in  the 
central  parts  of  each  basin. 

We  have  ample  opportunities  in  the  basin  of  Paris  of  exa- 
mining sleep  cliff's  of  hard  rock  which  bound  many  of  the  valleys, 
and  innumerable  excavations  have  been  made  for  building-slone, 
limestone,  and  gypsum ;  but  when  we  attempt  to  obtain  a 
connected  view  of  any  considerable  part  of  tlie  tertiary  series 
ia  the  basin  of  London,  we  are  almost  entirely  limited  to  a 
single  hne  of  coast -sec  lion  ;  for  in  the  interior  the  regular  beds 
are  much  concealed  by  an  alluvial  covering  of  flint  gravel 
spread  aUke  over  the  summits  and  gentle  slopes  of  the  hills, 
and  over  tlie  bottoms  of  the  vallejs. 

Organic  remains  are  extremely  scarce  in  the  Plastic  clay ; 
but  when  any  shells  occur  they  are  of  Eocene  species.  Vege- 
table impressions  and  fossil  wood  sometimes  occur,  and  even 
beds  of  lignite,  but  none  of  the  s-jiecies  of  plants  liave,  we  be- 
lieve, as  yet  been  ascertained. 

London  clay. — This  formation  consists  of  a  bluish  or  black- 
ish clay,  sometimes  passing  into  a  calcareous  marl,  rarely  into  a 
aolid  rock.  Its  thickness  is  very  great,  sometimes  exceeding 
500  feet*.  It  contains  many  layers  of  ovate  or  fiat tish  masses 
of  argillaceous  limestone,  which,  in  their  interior,  are  generally 
traversed  in  various  directions  bj  cracks,  partially  or  wholly 
filled  by  calcareous  spar.  These  masses,  cilled  septaria,  are 
sometimes  continued  through  a  thickness  of  200  fect+. 

*  Con.vidPhil.OulImMorGeol.,p.33.  t  OutUnea  gtOcol.,  p.27. 
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A  great  number  of  the  marine  shells  of  this  day  have  been 
identified  with  those  of  the  Paris  basin,  and  are  mentioned  by 
name  in  Appendix  1.  It  is  quite  evident,  therefore,  that  these 
two  formutions  belong  to  the  same  epoch. 

No  remains  of  terrestrial  mammalia  have  as  yet  been  found 
in  this  clay,  bnt  the  occurrence  of  bones  and  skeletons  of  cro- 
codiles and  turtles  prove,  as  Mr.  Conybeare  justly  retnarku, 
the  existence  of  neighbouring  dry  land.  The  shores,  at  least, 
of  some  islands  were  accessible,  whither  these  creatures  may 
have  resorted  to  lay  their  eggs.  In  like  manner,  we  may  infer 
the  contiguity  of  land  from  the  immense  number  of  Itgneoiu 
seed-vessels  of  plants,  some  of  them  resembling  the  cocoa-nut, 
and  other  spices  of  tropical  regions,  which  have  been  found 
fossil  in  great  profusion  in  the  Isle  of  Sheppey.  Such  is  the 
abundance  of  these  fruits,  that  they  have  been  supposed  la 
belong  to  several  hundred  distinct  species  of  plants. 

Bdijxkot  sand. — The  third  and  uppermost  group,  usually 
termed  the  Bagshol  sand,  rests  conformably  upon  the  London 
clay,  and  consists  of  siliceous  sand  and  sandstone  devoid  of 
organic  remains,  with  some  thin  deposits  of  marl  associated. 
From  these  marls  a  few  marine  shells  have  been  obtained  which 
are  in  an  imperfect  slate,  but  appear  to  belong  to  Eocene 
species  common  to  the  Paris  basin*. 

Fresk'WaUr  strata  of  the  Hampshire  basin. — In  the  northern 
part  of  the  Isle  of  Wight,  and  part  of  the  opposite  coast  of 
Hampshire,  fresh-water  strata  occur  resting  on  the  London 
clay.  They  are  composed  chiefly  of  calcareous  and  argillik- 
ceous  marls,  interstratified  with  some  thick  beds  of  siliceous 
sand,  and  a  few  layers  of  limestone  sometimes  slightly  siliceous. 
The  marls  are  often  green,  and  bear  a  considerable  resemblance 
to  llie  green  marls  of  Auvergne  and  the  Paris  basin.  The 
shells  and  gyrogonites  also  agree  specifically  with  some  of  those 
most  common  in  the  French  deposits,  Mr.  Webster,  who  first 
described  the  fresh-water  formation  of  Hampshire,  divided  it  into 
an  upper  and  lower  series  separated  by  intervening  beds  of  marine 
•  WutmrioD,  Qeol.  Tiui.,  f  ol.  i. 
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mngiD.  There  are  undoubtedly  certain  intercalated  sirala,  both 
the  Isle  of  Wight  and  coast  of  Hampshire,  marked  by  a 
■dight  intermixture  of  marine  and  fresh-water  shells,  sufficient 
to  imply  a  temporary  return  of  the  sea,  before  and  after  which 
,tbc  waters  of  a  lake,  or  rather,  perhaps,  some  large  river,  pre- 
vailed *,  The  united  thickness  of  the  fresh-water  and  inter- 
nlated  upper  marine  beds,  exposed  in  a  vertical  precipice  in 
H«aden  Hill,  in  the  Isle  of  Wight,  is  about  4(X)  feet,  the 
marine  series  appearing  about  half  way  up  in  the  cljfF. 

Eocene  mammiferous  rrmains, — Very  perfect  remains  of  lor- 
totsFS  and  the  leelh  of  crocodiles  have  been  procured  from  the 
fresh-water  strata,  but  a  still  more  interesting  discovery  has 
recently  been  made.  The  bones  of  mammalia  corresponding 
to  those  of  the  celebrated  gypsum  of  Paris,  have  been  disin- 
terred at  Binstead,  near  Ityde,  in  the  Isle  of  Wight.  In  the 
ancient  quarries  near  this  town  a  limestone,  belonging  to  the 
lower  fresh-water  formation,  is  worked  for  building.  Solid 
beds  alternate  with  marls,  wherein  a  looili  of  an  Anoploiherium, 
and  two  teeth  of  the  genus  Palaiotherium,  were  found.  These 
remains  were  accompanied  not  only  by  several  other  fragments 
of  the  bones  of  Pachydermata  (chiefly  in  a  rolled  and  injured 
state),  but  also  by  the  jaw  of  a  new  species  of  Iluminantia, 
apparently  closely  allied  to  the  genus  Moschus  f .  Mr,  T.  Allan 
of  Edinburgh  had  several  years  before  found  the  loolh  of  an 
Anoplotlierium  at  the  same  spot,  and  when  we  alluded  to  this 
in  our  first  volume  J,  we  threw  out  some  doubts  as  to  the 
authenticity  of  his  specimen,  staling  at  the  same  time,  that  in 
the  Binstead  beds,  if  anywhere  in  our  island,  we  should  expect 
such  remains  to  be  found.  Allliougli  we  carried  our  scepticism 
too  far,  it  has  been  attended  with  good  results,  for  it  induced 
Mr.  Pratt  to  visit  Binstead,  where  he  verified  and  extended  the 
discovery  of  Mr,  Allan. 

•  S««  Hcmoin  of  Mt.  Webtter,  Geol.  Tram.,  vol.  ii.,  Finl  8«riei,  vol.  i.  put  L, 
8«00Dd  Scriei,  aod  EngleGi-Id't  lalu  of  >Vight.— Ptofuaior  Sedgwick,  Adu.  of 
Fhil ,  W22,  aai  L)*«ll,  Geo).  Tisas.,  tuI.  U.  Stcond  Seriet. 

t  PrBtl,Pto«edinporGeol.S(K.,Na  IB,  p. 239, 

I  FiratEditigii,p,  1S3. 
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These  newer  strata  of  llie  Isle  of  Wight  bear  a  certain  de- 
gree of  resemblance  to  some  of  the  green  marls  and  limestones 
in  the  Paris  basin,  yel,  as  a  whole,  no  formations  can  be  more 
dissimilar  in  mineral  character  than  ihc  Eocene  deposits  of 
England  and  Paris.  In  our  own  island  the  tertiary  strata  are 
more  exclusively  marine,  and  it  might  be  said  that  the  Parisian 
series  differs  chiefly  from  that  of  London  in  the  very  points  in 
which  it  agrees  with  the  formalions  of  Auvergne,  Cantal,  and 
Velay.  The  tertiary  formations  of  England  are,  in  fact,  almost 
exclusively  of  mechanical  origin,  and  their  composition  be- 
speaks the  absence  of  those  mineral  and  thermal  waters  to 
which  we  have  attributed  the  origin  of  the  compact  and  sili- 
ceous limestones,  the  gypsum,  and  beds  of  pure  flint,  common 
to  the  Paris  basin  and  Central  France, 

English  tertiary  strata  conformable  to  thechal/c. — TbeBritish 
Eocene  strata  are  nearly  conformable  to  the  chalk  on  which 
they  rest,  being  horizontal  where  the  strata  of  the  chalk  are 
horizontal,  and  vertical  where  they  arc  vertical.  On  the  other 
hand,  there  are  evident  signs  that  the  surface  of  the  chalk  had, 
in  many  places,  been  furrowed  by  the  action  of  the  waves  and 
currents,  before  the  Plastic  clay  and  its  sands  were  superim- 
posed. In  the  quarries  near  Rochester  and  Gravesend,  for 
instance,  fine  examples  arc  seen  of  deep  indentations  on  the 
surface  of  the  chalk,  into  which  sand,  together  with  rolled  and 
angular  pieces  of  chalk-flint,  iiave  been  swept  *.  But  these 
appearances  may  he  referred  to  the  action  of  water  when  the 
chalk  began  to  emerge  during  the  Eocene  period,  and  they  by 
no  means  warrant  the  conclusion,  that  the  chalk  had  undergone 
any  considerable  change  of  position  before  the  tertiary  strain 
were  superimposed. 

In  this  respect  there  is  a  marked  difference  between  ihe 
reciprocal  relations  of  our  secondary  and  tertiary  rocks  and 
those  which  exist  between  the  same  groups  throughout  the 
greater  part  of  the  continent,  especially  in  the  neighbourhood 
of  mountain-chains.  Near  the  base,  for  example,  of  the  Alps, 
■  Con.  and  Phil.,  Outliues  of  Geol.,  p.  62. 
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kpennines,  and  Pyrenees,  we  find  the  newer  formations  reposing 

ifonnably  upon  the  truncated  etlges  of  the  older  beds,  and 

ts  cl«ar  that,  in  many  cases,  tlie  lalU-r  had  l>een  siilijected  to 

complicated  series  of  movements  before  ihe  more  modem 

rata  were  formed.     The  latter  rise  only  to  it  certain  height 

a  the  flanks  of  the  mountains  which    usually  tower  above 

diem,  and  are  recognized  at  once  by  the  geologist  as  having 

been  upraised  into  land  when  the  tertiary  fonnalions  were  still 

Ibrtning  in  the  sea.     The  ancient  borders  also  of  that  sea  can 

often  be  defined  with  certainty,  and  the  outline  of  some  of  its 

bays  and  sea-cliSs  traced. 

In  England,  although  undoubtedly  the  greater  portion  of  the 
tertiary  strata  is  confiiied  to  certain  spaces,  we  find  outlying 
patches  here  and  there  at  great  distances  beyond  tlie  general 
Moiits,  and  at  great  heights  upon  the  chalk  which  separates  the 
basins  of  London  and  Hampshire*.  I  have  seen  masses  of 
day  extending  in  this  manner  to  near  the  edge  of  the  western 
c«caq)ment  of  the  chalk  in  Wiltshire,  and  Mr.  Mantell  has 
pointed  out  the  same  to  me  in  the  South  Downs.  Near  the 
escarpment  at  Lewes,  for  example,  there  is  a  fissure  in  the 
chalk  filled  with  sand,  and  with  a  ferruginous  breccia,  such 
as  usually  marks  the  lower  members  of  tiie  Plastic  clay  for- 
mation. From  the  fact  of  these  tertiary  outliers  Dr.  Buckland 
inferred,  '  that  the  basins  of  London  and  Hants  were  origi- 
nally united  together  in  one  continuous  deposit  across  the  now 
intervening  chalk  of  Salisbury  Plain  ic  Wills,  and  the  plains 
of  Andover  and  Basingstoke  in  Hants,  and  that  the  greater 
integrity  in  which  the  tertiary  strata  are  preserved  wiiliin  the 
basins  has  resulted  from  the  protection  wliich  iheir  compara- 
tively low  position  has  afibrded  ihem  from  the  ravages  of  dilu- 
vial denudation  f.' 

We  agree  so  far  with  this  conclusion  as  to  believe  that  the 
basins  of  London  and  Hampshire  were  not  separated  until  part 
of  the  tertiary  strata  were  deposited,  but  wc  do  nut  think  it 
probable  that  the  tertiary  beds  ever  extended  continuously  over 
■  Dr,Bueldui<l,Geol.Tiaui.,SecondSerieB,Tol.u,p,I25.        t  lbid.,p.  126. 


ition   of  aecondarj  strata  diirinf;  the  ilepoiilion  of  the  Eii(>ti>li  I 

-Vdli-y  of  the  Weald  belween  the  North  nnd  South  Downs— Map 
•— Svcundary  luclut  of  the  Weald  diviaible  into  6<e  j^roupi — North  and  South 
Soumi — Section  acroii  Ibe  Talley  of  tlic  Wvuld — AoticUDBl  aiu — Trac  sfalo 
of  height! — Ri»e  and  denudation  of  Ihe  strata  graduil — Chalk  esearpmenla 
once  leoH^llffi — Lower  terrace  of  "  firestone,'  how  rHu«d — Parallel  ridges  and 
•nUeji  formed  by  harder  and  aofler  beds— No  luiai  of  the  chalk  on  the  centtal 
■bbrict  of  the  Weald— Explanation  of  this  pheaomeaOD— Double  lyatem  of 
TbU«7>i  Ibe  lon^tudinal  and  the  transverse — Transverse  how  fuitoeJ — Uorj^ 
intemctiag  the  chalk — Lewes  Coomb— Tran we ne  valley  of  the  Adur. 

Dtnudaiion  of  the  Valley  of  tlie  JVeald. — In  order  to  under- 
stand the  theory  of  which  we  sketched  an  outline  at  the  cinsc 
of  the  last  chapter,  it  will  he  necessary  that  the  reader  should 
be  acquainted  with  the  phenomena  of  denudation  exhibited  by 
the  chalk  and  some  of  the  older  secondary  locks  in  parts  of 
^England  most  nearly  contiguous  to  the  basins  of  London  and 
Hampshire.  It  will  he  sufficient  to  consider  one  of  the  de- 
nuded disitricts,  as  the  appearances  observable  in  others  are 
strictly  analogous ;  we  shall,  therefore,  direct  our  attention  to 
what  we  may  call  Me  Valley  of  the  Weald,  or  the  region  inter- 
vening between  the  North  and  South  Downs. 

Map. — In  the  coloured  map  given  in  Plate  V. ',  the  district 
alluded  to  is  delineated,  and  it  will  he  there  seen  that  the 
southern  portion  of  the  basin  of  Loudon,  and  the  norlh-east- 
em  limits  of  that  of  Hampsliire,  are  separated  by  a  tiact  of 
secondary  rocks,  between  41)  and  50  miles  in  breadth,  com- 
prising within  it  the  whole  of  Sussex  and  parts  of  tlie  counties 
of  Kent,  Surrey,  and  Hampshire. 

There  can  he  no  doubt  that  the  tertiary  deposits  of  the 
Hampshire  basin  formerly  extended  much  farther  along  our 
southern   coast  towards  Beachy  Head,  for  patches  are  still 

•  This  mnp  has  been  chiefly  tiikea  froiu  Mi.  Qreenough's  Map  of  EiigloiKl. 
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found  near  Nenliaven,  and  at  other  points,  as  will  be  seen  by 
the  map.  These  are  now  wasting  away,  and  will  in  time 
disappear,  as  tiie  sea  is  constantly  encroaching  and  under- 
mitiing  tiie  subjacent  chalk. 

The  secondary  roclis,  depicted  on  the  map,  may  be  divided 
into  five  groups : — 

1.  Chalk  and  Upper  green-sand. — Tliis  group  is  the  upper- 

most of  the  series  ;  it  includes  the  while  chalk  with  and 
without  flints,  and  an  inferior  deposit  called,  provin- 
cially, '  Firestone.'  and  by  English  geologists  the '  Upper 
green-sand.'  It  sometimes  consists  of  loose  siliceous 
sand,  containing  grains  of  silicate  of  iron,  but  often  of 
firm  beds  of  sandstone  and  chert. 

2.  Blue  clay  or  calcareous  marl,  called  provincially  Gaidt. 

3.  Lower  green-sand,  a  very  complex  group  consisting  of 

grey,  yellowish,  and  greenish  sands,  ferruginous  sand 
and  sandstone,  clay,  chert,  and  siliceous  limestone. 

4.  Weald  clay,  composed  for  the  most  part  of  cl.iy  without 

intermixture  of  calcareous  matter,  but  sometimes  in- 
cluding thin  beds  of  sand  and  shelly  limestone. 

5.  Hastings  sands,  composed  chiefly  of  sand,  sandstone, clay, 

and  calcareous  grit,  passing  into  limestone  *. 

The  first  three  formations  above  enumerated  are  of  marine 
origin,  the  last  two,  Nos,  4  and  5,  contain  almost  exclusively 
the  remains  of  fresh-water  and  amphibious  animals.  But  it  is 
not  our  intention  at  present  to  enlarge  upon  the  organic  remains 
of  ihese  formations,  as  we  have  merely  adverted  to  the  rocks  in 
order  thai  ive  may  describe  the  changes  of  position  which  they 
have  undergone,  and  the  denudation  to  which  they  have  been 
exposed  since  the  commencement  of  the  Eocene  period, — mu- 
tations which,  if  our  theory  be  well  founded,  belong  strictly  to 
the  history  of  tertiary  phenomena. 

By  a  glance  at  liie  map,  the  reader  may  trace  at  once  the 

ninUfllieseslrafa  in  the  »ulh-eabl  of  Engl nn J,  see  MantJI^ 
ion,  mill  Dr.  Fiiton'i  Geolo)(y  of  Haatingi,  w  litre  the  memoinvf 
kU  Hie  wrili-ni  gu  tliu  part  gf  England  are  i.ferred  to. 


.■]  SECTtOH  or  WBALB  VALLEY.  S8? 

«iper(icial  area  occupied  by  each  of  the  five  formations  above 
mentioDcd.  On  the  west  will  be  seen  a  large  expanse  of  ciialk, 
firom  whicii  two  branches  are  sent  off";  one  through  the  hills  of 
Surrey  and  Kent  to  Dover,  fortiiing  the  ndge  called  the  North 
■Downs,  the  other  through  Sussex  to  the  sea  at  Bcacliy  Head, 
-nmstitutiiig  the  South  Downs.  TJie  space  comprised  between 
the  North  and  South  Downs,  or  '  the  Valley  of  the  Weald,' 
consists  of  the  formations  Nos.  2,  3,  4,  5,  of  the  above  table. 
It  will  be  observed  that  the  clialk  terminates  abruptly,  and 
wilii  a  well-deiined  line  towards  the  country  occupied  by  those 
oilier  strata.  Within  that  line  is  a  narrow  band  coloured  blue, 
formed  by  the  gault,  and  within  this  again  is  the  Lower  green 
aantl,  next  the  Weald  clay,  and  then,  in  the  centre  of  the  die- 
trict,  a  ridge  formed  by  the  PIftstings  sands. 

Scclion  of  the  Vallryofihe  IVeald — It  has  been  ascertained 
by  careful  investigation,  that  if  a  line  be  drawn  from  any  part 
of  the  North  to  the  South  Downs,  which  shall  pass  through 
the  central  group,  No.  5,  the  beds  will  be  found  arranged  in 
the  order  described  in  the  annexed  section  (No.  63,  p.  2&8). 

We  refer  the  reader  at  present  to  the  dark  lines  of  the 
section,  as  the  fainter  lines  represent  portions  of  rock  supposed 
to  have  been  carried  away  by  denudation. 

At  each  end  of  the  diagram  the  tertiary  strata  a  are  exhibited 
reposing  on  the  chalk.  In  the  centre  arc  seen  the  Hastings 
sands  (No.  5),  forming  an  anticlinal  axis,  on  each  side  of  which 
the  other  formations  arc  arranged  with  an  opposite  dip.  It  has 
been  necessary  however,  in  order  to  give  a  clear  view  of  the 
different  formations,  to  exaggerate  the  proportional  height  of 
each  in  comparison  to  its  horizontal  extent,  and  we  have  sub- 
joined a  true  scale  in  another  diagram  (No.  61)  In  order  to 
correct  the  erroneous  impression  whicli  might  otherwise  be 
made  on  the  readers  mind.  In  this  section  the  distance 
between  the  North  and  South  Downs  is  reprcsentetl  to  exceed 
40  miles;  for  wc  suppose  the  valley  of  the  Weald  to  be  here 
intersected  in  its  longest  diameterj  in  the  direction  of  a  line 
betveen  Lewes  and  Maidstone. 
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In  attempting  to  account  for  the  manner  in  wliicli  the  five 
BOodary  groups  above  mentioned  may  have  been  brought  into 
iStor  present  position,  the  foilowiiig  hypoilicsis  has  been  very 
leralty  adopleil.  SupjMse  the  five  formations  to  lie  in 
izontal  stratification  at  the  bottom  ot  the  sea;  then  let  a 
lent  from  below  press  them  upwards  into  the  form  of  a 
flattened  dome,  and  let  the  crown  of  liiis  dome  be  afterwards 
cut  off,  so  that  tiie  incision  should  penetrate  to  the  lowest  uf  . 
ibe  five  groups.  The  different  beds  would  then  be  exposed  on 
the  surface  in  the  manner  exhibited  in  the  map,  plate  S  *. 

It  will  ap]H'ar  from  former  partsof  this  work,  that  the  amount 
of  elevation  here  supposed  to  have  taken  place  is  not  greater 
thon  we  can  prove  to  have  occurreil  in  other  regions  within 
geological  periods  of  no  great  duration.  On  the  other  hand, 
the  quantity  of  denudation  or  removal  by  water  of  vast  inaasea 
which  are  assumed  to  have  once  reached  continuously  from  the 
North  to  the  South  Downs  is  so  enoniious,  that  the  reader  may 
at  first  be  startled  by  the  boldness  of  the  hypothesis.  But  he 
will  find  the  difHculty  to  vanish  when  once  sufficient  time  is 
allowed  for  the  gradual  and  successive  rise  of  the  strata,  during 
which  the  waves  and  currents  of  the  ocean  might  slowly  aceom- 
phsb  an  operation,  which  no  sudden  diluvial  rush  of  waters 
could  possibly  have  effected. 

Eicarpmenls  of  the  chalk  once  sea-cliffii, — In  order  to  make 
the  reader  acquainted  with  the  physical  structure  of  tlie  Valley 
of  the  Weald,  we  shall  suppose  him  first  to  travel  southwards 
from  the  London  basin.  On  leaving  the  tertiary  strata  he  will 
first  ascend  a  gently-inclined  plane,  conipoawi  of  the  upper 
flinty  portion  of  the  chalk,  and  then  find  himself  on  the  summit 
of  a  declivity  consisting,  for  the  most  part,  of  different  members 
of  ihe  chalk  formation,  below  which  the  upper  green-sand,  and 
sometimes  also  thegault  crop  ouM-.  This  steep  declivity  is  called 
by  geologists  *  the  escarpment  of  the  chalk,'  which  overhangs  a 

■  See  illuiltutions  of  this  lh*ciy  by  Dr.  Fillon,  Goo].  Sketch  of  Ilnliiigi, 
I  We  use  Ihii  lunn,  Iwrioveil  fium  out  minen,  to  eipreM  the  comini;  up  lo  llug 
(utfMi:  of  oQu  ntntuin  from  licuunlh  kuolber. 
Vol.  hi. 


i 


B^**ley  excavated  cliiefly  out  of  llie  argillaceous  or  marly  bed, 

*"OiedGaull  {So.  2).    The  escarpment  is  continuous  along  the 

^j**Jtheni  termination  of  iJie  North  Downs,  anti  the  reader  may 

.        ^ce  it  from  the  sea  at  Follvstone,  westward  to  Guildford  and 

■^•neighbourhood  of  Pelersfield,  and  from  thence  to  tlie  ter- 

ration  of  the  South  Downs  at  Beachy  Mead.     In  this  preci- 

steep  slope  the  strata  are  cut  off  abruptly,  and  it  is 

rident  that  they  must  originally  have  extended  farther.     In 

le  accompanying  wood-cut  (No.  lio),  part  of  the  escarpment 

'  the  South  Downs  is  faitlifully  represented,  where  the  denu- 

ttion  at  the  base  of  the  declivity  has  t>een  somewhat  more 

itenaive  than  usual,  in  consequence  of  the  upper  and  lower 

green-sand  being  formed  of  very  incoherent   materials,  the 

iriuer,  indeed,  being  extremely  thin  and  almost  wanting. 

The  geologisi  cannot  fail  to  recognize  in  this  view  the  exact 

Kkcness  of  a  sea-cliff,  and  if  he  lunis  and  looks  in  an  opposite 

direction,  or  eastward,  towards  Btachy  Head,  he  will  see  the 

tame   line   of  height  prolonged.     Even   those   who  are  not 

accustomed  to  speculate  on  the  former  changes  which  the  siir- 

fece  hna  undergone,  may  fancy  the  broad  and  level  plain  to 

resemble  the  flat  sands  which  were  laid  dry  by  the  receding 

tide,  and  the  different  projecting  masses  of  chalk    to  be  the 

headlands  of  a  coast  which  separated  the  different  bays  from 

each  other. 

No.  60. 


CHAIK  KSCAHPllBNTa  ONCE  9EA-CLIFP8. 
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Lower  (errace  o/fiTe$lom.-~Wc  have  said  that  the  upper 
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green-sand  ('  firestone,'  or  *  inalm  rock,'  as  it  is  sometimes  called) 
is  almost  absent  in  ilie  tract  here  alluded  to.  It  is,  iu  fact, 
seen  at  Beacliy  Head  to  thin  out  to  an  inconsiderable  stratum 
of  loose  green-sand ;  but  farther  lo  the  westward  it  is  of  great 
thickness,  and  contains  hard  beds  of  blue  chert  and  limestone. 
Here,  accordingly,  we  find  that  it  produces  a  corresponding 
influence  on  the  scenery  of  the  country,  for  It  runs  out  like  a 
step  beyond  the  foot  of  the  cliolk-tiills,  and  constitutes  a  lower 
No.  67. 


terrace  varying  in  broadili  from  a  qu.irter  of  a  mile  to  three 
miles,  and  following  the  sinuosities  of  the  chalk  escarpment  *. 

It  is  impossible  to  desire  a  more  satisfactory  proof  that  the 
escarpment  is  due  to  the  excavating  power  of  water  during  the 
gradual  rise  of  the  strata.  For  we  have  shown,  in  our  account 
of  the  coast  of  Sicily  f,  in  what  manner  the  encroachments  of 
the  sea  tend  to  efface  lliat  succession  of  terraces  which  must 
otherwise  result  from  the  successive  rises  of  a  coast  preyed 
upon  by  the  waves.  During  the  interval  between  two  eleva- 
tory  movements,  the  lower  terrace  will  usually  be  destroyed, 
wherever  it  is  composed  of  incoherent  materials;  whereas  the 
sea  will  not  have  time  entirely  to  sweep  awny  another  part  of  the 
same  terrace,  or  lower  platform,  which  happens  lo  be  composed 
of  rocks  of  a  harder  texture  and  capable  of  offering  a  firmer 
resistance  to  the  erosive  action  of  water. 

Valleys  where  iofler  strata,  ridges  where  harder  crop  out. 
— It  is  evident  that  the  Gault  No.  2  (see  the  map)  could 
not  have  opposed  any  effectual  resistance  to  the  denuding  force 


♦  Mr  Murcbiac 


,  Gtfol,  Sketch  of  Susspi;,  &c.,  t^col,  Trins.,  2ud  Sfriei,  vol.  ii 
f  See  p.  til  J  and  woodcut  No,  24. 
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^''t  iKe  waves;  its  outcrop,  therefore,  is  marked  by  a  valley,  tlic 
■(■wwlth  of  uliich  is  often  increased  by  ibe  loose  incoberent 
E  of  the  iip]>ermo3l  beds  of  Ibc  lower  green-sand,  wbich 
lext  to  it,  and  wbicb  have  often  been  removed  with  equal 


formation  last  mentioned  bas  been  sometimes  entirely 
ilhcd  off  like  the  gaiilt;  but  in  those  dislncts  where  chert, 
_  itone,  and  otiier  solid  materials  enter  largely  into  its  cora- 
powlion,  it  forms  a  range  of  biils  parallel  to  the  chalk,  which 
letimcs  rival  the  escarpment  of  the  chalk  itself  in  height,  or 
D  surpass  it,  as  in  Leith  Hill.  This  ridge  often  presents  a 
tteep  escarpment  towards  the  Weald  clay  which  crops  out  from 
under  it.     (See  the  strong  lines  in  diagram  No.  G3,  p,  288.) 

The  clay  last  mentioned  forms,  for  the  most  part,  a  broad 
■falley,  separating  the  lower  green-sand  from  the  Hastings 
sands,  or  Forest  ridge  ;  but  where  subordinate  beds  of  sand- 
slone  of  a  firmer  texture  occur,  the  uniformity  of  the  plain  is 
broken  by  waving  irregularities  and  hillocks*. 

n  the  central  region,  or  Forest  ridge,  the  strata  have  been 
oonadcrably  disturbetl  and  arc  greatly  fractured  and  shifted, 
fault  is  known  where  the  vertical  shift  of  a  bed  of 
grit  is  no  less  than  60  fathoms-)-.  It  must  not  be 
that  the  anticlinal  axis,  wbich  we  have  described  as 
ninniag  through  the  centre  of  the  weald,  is  by  any  means 
BO  simple  as  is  usually  represented  in  geological  sections. 
There  are,  on  the  contrary,  a  series  of  anticlinal  and  syncUoail 


L 


•  MmHin,  Gtfol.  of  ^Vestern  Sussex.     Fitlon,  Oool,  of  Hutingi,  p.  31, 
f  Fillon,  ibid.,  p.  55, 

I  Vft  ul(i|>tthi8  leini,  Gnl  u>e<l,iirG  believe,  by  FiatniDr  Sedgwitltj  il>  : 
fintioD  will  bent  be  unilerilaod  bj  retureare  to  Ihe  occompDnying  iliutjTiim. 


r,  ABtidinil  IJuw. 


gn.  J 
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lines,  which  form  ridges  and  troughs  running  nearly  parallel  lo 
each  other. 

Much  of  the  picturesque  character  of  the  scenery  of  this  dis- 
trict arises  from  the  depth  of  the  Tiarrow  vnllejs  and  ridges  to 
which  the  sharp  bends  and  fruetures  of  the  strata  have  gi«ii 
rise;  but  it  is  also  in  part  to  be  ottribulcd  lo  the  excavating 
power  exerted  by  water,  especially  on  the  inlcrslratified  argil- 
laceous beds. 

From  the  above  description  it  will  appear  that,  in  the  trad 
intervening  between  the  North  and  South  Downs,  there  are  ■ 
aeries  of  parallel  valleys  and  ridges  ;  the  valleys  appearing  evi- 
dently to  have  been  formed  principally  by  the  removal  of  softer 
niatorialis,  while  the  ridges  are  due  to  the  resistance  offered  by 
firmer  beds  to  the  destroying  action  of  water. 

Rise  and  denudation  of  the  strata  gradual. — Let  us  then 
consider  how  far  these  phenomena  agree  with  the  changes 
which  we  should  naturally  expect  to  occur  during  the  gradual 
rise  of  the  secondary  strata.  Suppose  the  line  of  the  most 
violent  movements  to  have  coincided  with  what  is  now  the  cen- 
tral ridge  of  the  Weald  Valley;  in  that  case,  the  first  land 
which  emerged  must  have  been  situated  where  the  Forest  ridge 
is  now  placed.  Here  a  number  of  reefs  may  have  existed,  and 
islands  of  chalk,  which  may  have  been  gradually  devoured  by 
the  ocean  in  the  same  manner  as  Heligoland  and  other  Euro- 
pean isles  have  disappeared  in  modern  limes,  as  related  in  ouf 
first  volume  •. 

Supjxise  the  ridge  or  tlome  first  elevated  to  have  been  so  rent 

and  shattered  on  its  summit  as  to  give  more  easy  access  to  the 

waves,  until  at  length  the  masses  represented  by  the  f^nler  linec 

in  the  annexed  diagram  were  removed.   Two  strips  of  land  might 

No.  69, 

~0] 


then  remain  on  each  side  of  a  channel,  in  the  same 
*  PigQ  ES9,  ana  Second  Etlitioo,  page  330. 
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^MDppoeite  coasts  of  France  and  England,  composed  of  chalk, 
tttent  rann;es  of  white  cliffs  facing  each  olhcr.  A  powerful 
*IUIIVUt  might  then  rush,  like  that  wliicii  now  ebbs  and  flows 
igh  the  straits  of  Dover,  and  might  scoop  out  a  channel  in 
|{ault.  We  must  bear  in  mind  that  theintermittentitction  of 
iquakes  would  accompany  this  denuding  process,  Assuring 
;s,  throwing  down  clifl's,  and  bringing  up,  from  time  to  time, 
iw  stratified  masses,  and  thus  greatly  accelerating  the  rate  of 
'Ute.  If  the  lower  bed  of  chalk  on  one  side  of  the  channel 
tiould  be  harder  than  on  the  other,  it  would  cause  an  under 
represented  in  the  above  diagram,  resembling  that 
ited  by  [he  upper  green-sand  in  parts  of  Sussex  and 
Bampshire.  When  at  length  the  gault  was  entirely  swept 
•way  from  the  central  parts  of  the  channel,  the  lower  green-sand 
{3,  diagram  No.  70,)  would  be  laid  barc,and  portions  of  it  would 


become  land  during  the  continuance  of  the  upheaving  earth- 
quakes. Meanwhile  the  chalk  cliffs  would  recede  farther  from 
one  another,  whereby  four  parallel  strips  of  land,  or  perhaps 
rows  of  islands,  would  be  caused. 

The  edges  of  the  argillaceous  straCa,  No,  2,  are  still  exposed 
to  erosion  by  the  waves,  and  a  portion  of  the  clay.  No.  4,  is 
already  removed.  This  clay,  as  it  gradually  rises,  will  be  swept 
off  from  part  of  the  subjacent  group,  No.  5,  which  will  then 
be  laid  bare,  and  may  af'terwarilii  become  land  by  subsequent 
elevation. 

WAy  no  ruins  of  ckulk  on  central  diilrlct. — By  this  theory 
of  the  successive  emergence  and  denudation  of  the  groups,  1, 2, 
3,  4,  5,  we  may  account  for  an  alluvial  phenomenon  which 
■eems  inexplicable  on  any  oilier  hy|)oihesis.  'Hie  sunmiits  of 
the  chalk  downs  are  covered  everywhere  willi  flint  gravel,  which 
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is  often  entirely  wanting  on  the  surface  of  the  clay  at  the  foot 
of  the  chnlk  escarptiient,  and  no  traces  of  chalk  flint  have  ever 
been  founil  in  the  alluvium  of  the  central  tlislricl,  or  Forest 
lidge.  It  is  rare,  indeed,  to  sec  any  wreck  of  the  chalk,  e^en 
at  the  distance  of  two  or  three  miles  from  the  escarpments  of 
the  North  and  South  Downs.  To  this  general  rule,  however, 
ail  exception  occurs  near  Darcombe,  about  three  miles  to  the 
north  of  Lewcsj  where  we  obtain  the  accompanying  section*. 


1  any 

ovei 

I  Out  I 


1,  Gravel  com poBeil  of  p ittially-roiiadud  cbalk  fiinla. 

2,  Clislk  with  mid  wilhout  flints. 

3,  Lowest  diotk  or  chalk  marl  (upper  grecn-swid  wsnling),  | 

4,  Guiilt.  5,  Lower  grecn-satid.  6,  Wc»ld  dny. 

It  will  be  seen  that  the  valley  at  the  foot  of  the  escarptneat 
extends,  in  this  case,  not  only  over  the  gaiilt,  but  over  the 
'lower  green-sand' to  the  Weald  clay.  On  tins  clay  a  thick 
bed  of  flints,  evidently  derived  from  the  waste  of  chalk,  re- 
mains in  the  position  above  described. 

\Vc  say  that  there  is  no  detritus  of  the  chalk  and  its  flints  on 
the  central  ridge  of  the  Weald.  I  have  sought  in  vain  for  a 
vestige  of  such  fragments,  and  Mr.  Mantell,  who  has  had 
greater  opportunities  of  minute  investigation,  assures  me  that 
he  has  never  been  able  to  detect  any.  Now  whether  we  embrace 
or  reject  the  theory  of  the  former  continuity  of  the  chalk  and 
other  groups  over  the  whole  space  intervening  between  the 
North  and  South  Downs,  we  cannot  certainly  imagine  that 
any  transient  and  tumultuous  rush  of  waters  could  have  swept 
over  this  country,  which  should  not  have  left  some  fragmenU 


TliQ  lutbor  vitiluil  this  localitj  with  Mr.  MiUitull,  (o  whooi  be  ia 
this  Kction, 


AtlUVnjM  OF  WBAID  VALLKY. 


cbalk  and  its  flints  in  the  deep  valleys  of  the  Forest 

Indeed,  if  we  adopted  tlie  diluvial  lijpotliesis  of  Dr. 

liland,  wo  should  expect  to  Had  vast  heaps  of  broken  flints 

A  more  ficc|uenl]y  into  the  valleys  of  the  Gaultand  Weald 

l^y,  instead  of  being  so  frcqiienlly  confined  to  tlie   sumniil 

f  the  chalk  downs.     On  ilie  oilier  hand,  it  is  quite  conceivable 

5^bM   the  slow  ngcncy  of  oceanic  currents  may  have  cleared 
itiray,  in  the  course  of  ages,  the  matter  which  fell  into  the  sea 
iltrom  wasting  cliffs.     The  reader  will  recollect  our  account  of 
B  manner  in  which  the  sea  has  advanced,  within  the  last  cen- 
,  upon  the  Norfolk  coast  at  Sherringham*. 


I 

the  luifBce  of  the  i:h«lk.    | 


The  beach,  at  the  foot  of  the  cliff",  is  composed  of  bare  chalk 
with  flints,  as  is  the  bed  of  the  sea  near  the  shore.  No  one 
would  suspect,  from  the  appearance  of  the  beach  at  low  water, 
that  a  few  years  ago  beds  of  solid  chalk,  together  with  sand 
and  loam  of  the  superincumbent  crag,  formed  land  on  tlic  very 
spot  where  the  waves  arc  now  rolling  ;  still  less  that  these  same 
formations  extended,  within  the  last  50  years,  to  a  considerable 
distance  from  the  present  shore,  over  a  apace  where  the  sea  has 
now  excavated  a  channel  20  feet  deep. 

As  in  this  recent  instance  llie  ocean  has  cleared  away  part  of 
tlie  chalk,  and  its  capping  of  crag,  so  the  tertiary  sea  may  have 
swept  away  not  only  the  chalk,  but  the  layer  of  broken  flints 
on  its  surface,  which  was  probably  a  marine  alluvium  of  the 


•  Vul.  i.  p.  208,  and  Stcond  Editiou,  p.  3 


■  wur 

I  lar 
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Eocene  period.  Hence  these  flints  might  naturally  occur  on 
the  downs,  and  be  wanting  in  the  valleys  below. 

If  the  reader  will  refer  to  the  preceding  diagrams  (Nos.  69 
and  70),  and  reflect  not  only  on  the  successive  states  of  the 
country  there  delineated,  but  on  all  the  inlermediatc  conditions 
which  the  district  must  have  passed  through  during  tlie 
process  of  elevation  and  denudation  before  supposed,  he  will 
understand  why  no  wreck  of  the  chalk  (No.  1)  should  occur 
at  great  distances  from  the  chalk  escarpments,  For  it  is  evi- 
dent that  when  the  ruins  of  the  uppermost  bed  (No.  1,  dia- 
gram 60)  had  been  thrown  down  upon  the  surface  of  the 
bed  immediately  below,  those  ruins  would  subsequently  be 
carried  away  when  this  inferior  stratum  itself  was  destroyed. 
And  in  proportion  to  the  number  and  thickness  of  the  groups, 
thus  removed  in  succession,  is  the  probability  lessened  of  our 
finding  any  remnants  of  the  highest  group  strewed  over  the 
bared  surface  of  the  lowest. 

Transverse  valleys, — There  is  another  peculiarity  in  the 
geographical  features  of  the  south-east  of  England  which  must 
not  be  overlooked  when  we  are  considering  the  action  of  the 
denuding  causes.  By  reference  to  the  map  (Plate  5),  ihe 
reader  will  perceive  that  the  drainage  of  the  country  is  not 
effected  by  water-courses  following  the  great  valleys  excavated 
out  of  the  argillaceous  strata  (Nos.  Z  and  4),  but  by  valleys 
which  run  in  a  transverse  direction,  passing  through  tiie 
chalk  lo  ihe  basin  of  the  Thames  on  the  one  side,  and  to  the 
English  channel  on  the  other. 

In  this  manner  the  chin  of  the  North  Downs  is  broken  by 
the  rivers  Wey,  Mole,  Darent,  Medway,  and  Stour;  the  South 
Downs  by  the  Arun,  Adur,  Ouse,  and  Cuckinere*. 

If  these  transverse  hollows  could  be  filled  up,  all  the  riTers, 
observes  Mr.  Conybcare,  would  be  forced  to  take  an  easterly 
TOurse,  and  to  empty  themselves  into  the  sea  by  Bomuer 
larsii  and  Pevcnsey  levels  f. 


•Coiiybeore,  OutliucBorGeol.,  p.  81.  t  lbij.,p.  145. 
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ilr.  Martin  has  suggested  tliat  the  great  cross  fractures  of  tb«  ^| 

cliaik  which  have  become  rivet  ^H 

ii  i    / 

channels  have  ii  remarkable  ^| 

1  4       i 

correspondence  on  each  sid*  ^H 

1  ifljt     li 

of  ihe  vatley  of  the  Wcald }  H 

'            wm\  m 

in  several  instances  the  gor-  ^M 

fl  »'■  jf 

ges  in  the  North  and  South  ^ 

3y  /  tt*/ 

Downs  appearing  to  be  di- 

/  //i  w/ 

rectly  opposed  to  each  other. 

rl  -^ 

Thu8,forexample,thedefiIe« 

of  the  Wey,  in  the  North  J 

Downs,  and  of  the  Arun  ia^M 

the  South,  seem  to  coincide^* 

if j}°" 

in  direction ;   and,    in    Uke 

manner,  the  Ouse  is  opposed 

to  the  Darent,  and  the  Cuck- 

1  / 1^  n 

mere  to  the  Medway  '.    But 

we  think  it  very  possible  that 

/    W  ^\'''/i'  i  <2 

these    coincidences    may    be^| 

v^W  ?' 

accidental.     It  is,  howeverv^^^ 

by  no  means  improbable,  U  H 

\\  [MiM    i 

hinted  by  the  author  abov*  ■ 

\i,i«  II 

mentioned,    that    the    great  ^ 

^,\^ 

UH'      1 

amount  of  elevation  towards 

Ms 

H     ~ 

the  centre  of  the  Weald  dis- 

B V 

iV 

trict  gave  rise  to  transverse 

V  1 

iw 

fissures.    And  as  the  longitu- 

B' Vh 

dinal  valleys  were  connected 

^  m 

with   that  linear   movement 

mf 

which  caused  the  anticlinal 

lliv 

lines  running  east  and  vest, 

/ip 

so  the  cross  fissures  might 

1 

have  been  occasioned  by  the 

w 

intensity   of  the   upheaving 

^  — *^ 

force  towards  the   centre  of 

^B                        •  Oeul.  of  WMter 

a  Su»«i,  p.  61. 
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the  line,  whereby  the  effect  of  a  double  axis  of  elevatkm 
in  some  measure  ])roduced. 

In  orilcr  to  give  a  clearer  idea  of  the  manner  in  which  tk 
chalk-liills  are  intersected  by  these  transverfe  vallejs,  wesubjA 
a  sketch  (  No.  73)  of  the  g')rgc  of  the  river  Adiir,  taken  from  Ae 
summit  uf  the  chalk-downs,  at  a  point  in  the  bridle-way  leidne 
from  the  towns  of  BrambLT  and  Stey ning  to  Shoreliain.    Iflke 
reader  will  refer  ngaiii  to  the  view  given  in  a  former  wood-cat 
(No.  (>o,  p.  21H)),  he  will  there  see  the  exact  point  when Ae 
gorge,  of  which  we  are  now  speaking,  interrupts  the  lU 
escarpment.     A  projecting  hill,  at  the  point  a,  hides  die  Mi 
of  Stey  ning,  near  which  the  valley  commences  where  the  Alf 
passes  directly  to  the  sea  at  Old  Shoreham.     The  rim 
through  a  nearly  level  ]>lain,  as  do  most  of  the  othcit 
intersect  the  hills  of  Surrey,  Kent,  and  Sussex  ;  and  it  i 
dent  that  these  openings,  so  far  at  least  as  they  are 
aqueous  erosion,  have  not  been  produced  by  the  riven^ 
of  ^vhich,  like  the  Ousc  near  Lewes,  have  filled  up  annsfif  At 
sea,  instead  of  deejKuing  the  hollows  which  they  traverse. 

I  n  regard  to  the  origin  of  the  transverse  ravines,  there  am 
be  no  doubt  that  they  arc  connected  with  lines  of  fracture,  and 
perlui])^,  in  some  places,  there  may  be  an  anticlinal  dip  on  both 
sides  of  tlic  viillev,  as  sufftxei-ted  by  a  local  observer  *.  But 
this  notion  requires  conHnnation. 

No,  74. 


r  —  — 


S'ppnxed section  of  Tran*ferfe  Valley, 

The  ravine,  calletl  the  Coomb,  near  Lewes,  affords  a  beautiful 
exam])le  of  the  manner  in  which  narrow  openings  in  the  chalk 
may  have  been  connected  with  shifts  and  dislocations  in  the 
strata.  This  coomb  is  seen  on  the  eastern  side  of  the  valley 
of  the  Ouse,  in  the  suburbs  of  the  town  of  Lewes.     The  steep 

*  Martiiii  Gcol.  of  Wevtem  Suvsex,  p.  64,  plate  111.  6g.  3. 
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decHvilies  on  eath  side  are  covered  with  green  turf,  as  is  the 
bottom,  which  is  perfectly  dry.  No  outward  signs  of  dis- 
turbance are  visible,  and  the  connexion  of  the  hollow  with 
subterranean  movements  would  nnt  have  been  suspected  hy  the 
geologist,  had  not  the  evidence  of  great  convulsions  been  clearly 
exposed  in  the  escai-pment  of  the  valley  of  ihe  Ouse,  and  in 
the  numerous  chalk  pits  worked  at  the  termination  of  the 
No.  75. 


_j..**-^>j»B^?t!a||    r^  ^S"- 


'  Coomb.  By  aid  of  these  we  discover  that  the  ravine  coincides 
precisely  with  a  line  of  fault,  on  one  side  of  svbich  the  chalk 
with  flints  a,  appears  at  the  summit  of  a  hill,  while  it  is  thrown 

.  down  to  the  bottom  on  the  other. 

I'  No.  ;6. 


B,  Chalk  wilh  flints.  i,  Lower  chalk*. 

The  fracture  here  alhidetl  to  is  one  of  those  which  run  east 

•  I  examineit  Ihis  ipol  in  compnnj-  with  Mi.  Mnnli/11,  lo  whom  I  am  inJijUed 
',tn  Ihi  above  Kctiou. 


I 
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untl  west,  and  of  wliich  itiere  are  many  in  the  Weald  district, 
parallel  lo  the  central  axis  of  the  Forest  ridge. 

In  wliatever  manner  llie  transverse  gorges  originated,  thej 
must  evidently  liave  formed  ready  channels  of  communication 
between  tlie  submanne  longitudinal  valleys  and  those  deep 
parts  of  ihe  sea  wherein  we  imagine  tlie  tertiary  strata  lo  have 
been  accumulated.  If  the  strips  of  land  which  first  rose  had 
been  unbroken,  and  there  had  been  no  free  passage  througli 
the  cross  fractures,  the  currents  would  not  su  easily  have  drifted 
away  the  materials  detached  from  the  wasting  cliffi,  and  It 
would  have  been  more  difficult  to  understand  how  the  wreck 
of  the  denuded  strata  coald  have  been  Bo  entirely  awept  awiy 
from  the  base  of  the  escarpments. 

In  the  nest  chapter  ho  ithall  resume  the  consideration  ot 
these  subjects,  especially  the  prnofa  of  the  former  continuity  of 
the  chalk  of  llie  North  and  South  Downs,  and  the  probable 
connexion  of  the  denudation  of  the  Weald  vslley  with  the 
origin  of  ihe  Eocene  strata, 


I 


CHAPTER  XXII. 

fiiBnutUlion  of  UiC  Vatlcy  at  Iho  WeaW,  caaliiiaed—Tbe  uUermilivG  ot  the  pro- 
poutlon  ihat  the  clitik  of  the  North  anil  South  Duwna  were  uiite  conliDumu, 
eoBiidircil — Dr.  Bucklind  on  the  Vallr;  or  Kmgaclera — Ri>e  uid  ileaudation 
of  leeomlaiy  rucka  giatliul — roncomitanl  ilt[io>;iliua  of  tetljnrj-  sliata  gradual 
— CampoiitioQ  of  Ihe  luXi'C  such  as  iruiild  result  fruni  the  irivck  of  the  Becon- 
tkrjr  ivcki — Valleji  and  furruni  on  )lm  thulk  huw  cativd — Auvi^r^oc,  the 
Puii  buiu,  and  lotith-cBil  of  En);bnil  one  region  of  earthquake!  during  Ilia 
Kwene  period — Why  Ihe  central  parts  of  thu  Luniton  and  Ilampsliire  Lagina 
riMi  neiilj  os  high  an  the  denudation  of  the  Weald — Effects  of  prolcudiug 
force  counteracted  by  Ihe  IcTelling  operatioui  of  wutor — Tliickiiets  of  masiua 
removeil  from  thr  cutrul  ridgv  of  the  ^Veutd— Great  uicarpmeiit  of  the  chalk 
)u«iii(;  ■  diiedion  norlh'eait  and  louth-veri — Curved  and  vertical  strata  iu  the 
Ilk  of  Wiflht— Tliu>e  were  eouvu lied  after  the  deposition  of  the  fiesli-watfr 
bedi  of  Headen  Hill— Elevations  of  land  posterior  to  the  cra^— Why  nu  Ewene 
allaviums  reeogniiahle— Coneluding  reiuarka  on  the  iatermittent  nperations  of 
eatthqiukei  in  Ihe  sunth-cast  of  Knglaiid,  und  Ihe  {|radu(>l  runUBliun  at  valk-yi 
— Recapiliilfltion. 


Exlml  of  deniLflalion  in  the  ralley  of  the  Umld.—'  It  would 
be  highly  rash,'  observes  Mr.  Conybeare,  speaking  of  the  denu- 
dftlion  of  the  Weald,  '  to  assume  that  the  chalk  at  any  period 
actually  covered  the  whole  space  in  which  the  inferior  strata 
are  now  exposed,  although  the  truncated  form  of  its  escarpment 
evidently  sliows  it  to  have  once  extended  much  farther  than  at 
present  *.' 

We  believe  that  few  geologists  who  have  considered  the 
extent  of  country  supposed  to  have  l)een  denuded,  and  who 
have  explored  the  hills  and  valleys  of  the  central,  or  Forest 
ridge,  without  being  able  to  discover  the  slightest  vestige  of  chalk 
in  the  alluvium  -];  will  fail  to  participate,  at  first,  in  the  doubts 
here  expressed  as  to  the  original  continuity  of  the  upper  secon- 
dary formations  over  the  anticlinal  axis  of  the  Weald.  For  our 
own  part,  we  never  traversed  the  wide  space  wiiich  separates  the 
North  and  South  Downs,  without  desiring  to  escape  from  tl 
oonclusions  advocated  in  the  last  chapter;  and  yet  we  liai 
*  OutlineSj  p.  1-14.  f  See  above,  p.  293. 
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been  invariably  brought  back  again  to  the  opiDion,  that  tlie 
cliatk  was  originally  continuous,  on  a  more  deliberate  review  of 
tlie  whole  jilienomena. 

It  may  \te  useful  to  consider  the  only  other  alternative  of  ihe 
hypothesis  before  explained.     If  the  marine  groups,   Nos.  1, 
2,  3,  were  not  originally  continuous,  it  is  necessary  to  imagine 
No.  77, 


1,  Chalkanil  U[>per )^<«a-)«ail.l 

2,  Gai,lt.  \ 

3,  Lower  gTccn-snnil.  J 


,  Ilatliiigi  sanilii.  I 


F  tern 

B  such 

i  men 

I  wate 


that  they  each  lerminuted  at  some  point  between  their  present 
Dulgoings  and  ihe  secondary  strala  of  the  Forest  ridge.  Thus 
we  might  suppose  ihem  lo  have  thinned  nut  one  after  tlicother, 
as  in  tlie  above  diagramj  and  never  to  have  covered  the  entire 
area  occupied  by  the  fresh-water  strata,  Nos.  4  and  5. 

We  grant  that  had  such  been  the  original  disposition  oftlie 
different  groups,  they  might,  as  they  gradually  emerged  from 
the  sea,  have  become  denuded  in  the  manner  explained  in  the 
last  chapter,  so  that  the  country  might  equally  have  assumed  its 
present  conOguralion.  Bui,  although  we  know  of  no  invincible 
objection  to  such  an  hypothesis,  there  are  certainly  no  appear- 
ances which  favour  it.  If  the  strata  Nos.  4  and  .^  bad  been 
unconformable  to  the  Lower  green-sand  No.  3,  then, indeed,  we 
might  have  imaginetl  that  the  older  groups  had  been  disturbed 
by  a  series  of  movements  antecedently  to  the  deposition  of 
No,  3,  and,  in  that  case,  some  parts  of  them  might  be  supposed 
to  have  emerged  or  formed  shoals  in  the  ancient  sea,  interrupt- 
ing the  continuity  of  the  newer  marine  deposits.  But  the  group 
No.  4  is  conformable  to  No.  3,  and  the  only  change  which  baa 
been  observed  to  take  place  at  the  junctionj  is  an  occasional  Jn- 
termi.\lure  of  the  Weald  clay  with  the  superior  marine  sand, 
such  as  might  have  been  caused  by  a  slight  superficial  move- 
ment in  the  waters  when  the  sea  first  overflowed  the  fresh- 
water strata. 
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,  On  ilie  other  hand,  the  green-sand  and  chalk,  as  they  np- 
;ll  Ihe  centritl  axis  wf  the  Weald,  are  not  found  to  contain 
al  shells,  or  any  wreck  of  the  fresh-waler  strata,  such  ns 
^Ugfat  indicate  the  existence  of  an  island  with  its  shores  or 
cliff's.  Had  any  such  signs  been  discovered,  we  might 
re  been  inclined  to  suppose  tlie  geography  of  the  region  to 
once  borne  some  resemblance  to  that  exhibited  in  the  dia- 
tpva  No.  77. 

J?r.  Buckland  on  Valleys  of  Elevation. — We  are  indebted 
to  Dr.  Buckland  for  an  able  memoir  in  illustration  of  several 
districts  of  similar  form  and  siructure  to  the  Weald,  which 
occur  at  no  great  distance  in  the  south  of  England.  His  paper 
intilled,  '  On  the  formation  of  the  Valley  of  Kingsclere  and 
other  valleys  by  the  elevation  of  the  strata  which  enclose 
then)*.' 

The  valley  of  Kingsclere,  situate  a  few  miles  south  of  New- 
No.  7S. 


yallet  af  Kingicltre. 

a,  ft.  Anticlinal  line  marking  the  oppoiit*  dip  of  the  ititta  on  «achnde  of  it 


1,  Chalk  with  Siati.  -,  I^wc 

3,  Upper  ^ea-Mnd,  or  fircitune,  coal 

*  Geo).  TrDDi.,  1a\  Svrii's,  tl 
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bury>  in  Berkshire,  is  about  five  miles  long  and  two  in  breadth. 
The  upper  and  lower  chalk,  as  will  be  seen  in  the  accompanj- 
ing  section  •,  and  the  upper  green-sand  dip  in  opposite  direc- 
tions from  an  anticlinal  axis  which  passes  through  the  middle 
of  the  valley  along  the  line  a,  b,  of  the  ground-plan  (No.  78). 
We  subjoin  an  additional  wood-cut,  as  conveying  a  scale  of 

N.  Nd.  80.  S. 


heights  more  nearly  approaching  to  that  of  nature,  although 
the  altitudes,  in  proportion  to  the  horizontal  extent,  are  even 
in  this,  perhaps,  somewhat  in  excess.  On  each  side  of  the  val- 
ley we  find  escarpments  of  chalk,  the  strata  of  which  dip  in  oppo- 
site directions,  in  the  northern  escarpment  to  the  north,  and 
in  the  southern  to  the  south.  At  the  eastern  and  western  ex- 
tremities of  the  valley,  the  two  escarpments  become  coniluent, 
precisely  in  the  same  manner  as  do  those  of  the  North  and 
South  Downs,  at  the  eastern  end  of  the  Weald  district,  near 
Petersfield.  And  as,  a  few  miles  east  of  the  town  last  men- 
tioned (see  Map,  plate  V.),  the  firestone,  or  upper  green-sand, 
is  laid  open  in  the  sharp  angle  between  the  escarpment  of  the 
Alton  Hills  and  the  western  termination  of  the  South  Downsf ; 
so  in  the  valley  of  Kingsclere  the  same  formation  is  seen  to 
crop  out  from  beneath  the  chalk. 

The  reader  might  imagine,  on  regarding  Dr.  Buckland'i 
section  (No.  79),  where,  for  the  sake  of  elucidating  the  geo- 
logical phenomena,  the  heights  are  greatly  exaggerated  in  pro- 
portion to  the  horizontal  extent,  that  the  solution  of  conti- 
nuity of  the  strata  bounding  the  valley  of  Kingsclere  had  been 
simply  due  to  elevation  and  fracture,  unassisted  by  aqueoui 
causes;   but  by  reference  to  the  true  scale  (No.  80),  it  w^ 


Coiiied  by  permiauoa  from  Dr.  BucbUad'i  pUte  XVII.,  Qcol.  Tmu^  Sal 

j  Sta  Mr.  Murchiioa's  map,  pUle  XIV.,  ibid. 
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.fmniediately  appear,  that  a  considerable  mass  of  chalk  must 
nnve  been  removed  by  denudallon. 

If  the  anliclina!  dip  hod  been  confined  to  the  valley  of 
Kiiiff«:lere,  we  might  have  supposed  that  the  upheaving  force 
had  acted  on  a  mere  point,  forcing  upwards  the  s u peri nciim bent 
fftrnta  into  a  small  dome-shaped  eminence,  the  crown  of  which 
hod  Ijeen  subsequently  cut  off.  But  Dr.  Buckland  traced  the 
Hoe  of  opposite  dip  far  beyond  the  confluence  of  the  chalk 
^  escarpments,  and  found  that  it  was  prolonged  in  a  more  north- 
west direction  far  beyond  the  point  a,  diagram  No,  78.  In 
following  the  line  thus  eslendcd,  the  strata  are  seen  in  numerous 
chalk-pits  to  have  an  opposite  dip  on  either  side  of  a  central 
axis,  from  which  we  may  clearly  infer  the  linear  direction  of  the 
movement.  Perhaps  the  intensity  of  the  disturbing  force  was 
greatest  where  the  denudation  of  the  valley  of  Kingsclere  took 
p}«co ;  but  this  cannot  be  confidently  inferred,  for  the  quantity 
of  matter  removed  by  aqueous  agency  must  depend  on  the  set 
of  the  tides  and  currents  at  the  period  of  emergence,  and 
not  solely  on  the  amount  of  elevatioti  and  derangement  of 
the  strata. 

Many  of  the  valleys  enumerated  by  Dr.  Buckland  as  having 
a  Bimilar  conformation  to  that  of  Kingsclere,  run  east  and  west, 
like  the  anticlinal  ridge  of  the  Weald  valley.  Several  of  these 
occur  in  Wiltshire  and  Dorsetsliire,  and  they  are  all  circum- 
(cribed  by  an  escarpment  whose  component  strata  dip  outwards 
from  an  anticlinal  line  running  along  the  central  axis  of  the 
valley.  One  of  these,  distant  about  seven  miles  to  the  north-cast 
of  Weymouth,  is  nearly  elliptical  in  shape,  and  in  size  does  not 
much  exceed  that  of  the  Coliseum  at  Rome.  Their  drainage 
is  generally  effected  by  anaperlureinoneof  their  lateral  escarp- 
ments, and  not  at  eitlicr  extremity  of  their  longer  axis,  as 
would  have  happened  had  they  been  simply  excavated  by  the 
sweeping  force  of  rapid  water  *. 

'  It  will  be  seen,'  continues  Dr.  Buckland,  '  if  wc  follow  on 
Mr.  Greenough's  map  the  south-western  escarpment  of  the 
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clialk  ill  the  counties  of  Wilts  and  Dorset,  that,  at  no  great 
distance  from  lliese  small  clJiplicftl  valleys  of  elevation,  there 
occur  several  longer  and  larger  valleys,  forming  deep  notebea, 
as  it  were,  in  the  lofty  edge  of  the  chalk.  These  are  of  similar 
structure  to  the  smaller  valleys  we  have  been  considering,  and 
consist  of  green-sand,  inclosed  by  chalk  at  one  extremity,  and 
flanked  by  two  escarpments  of  the  same,  facing  each  other  with 
an  opposite  dip;  but  tliey  differ  in  the  circnmstancc  of  their 
other  and  broader  extremity  being  without  any  such  inclosurc, 
and  gradually  widening  till  it  is  lost  in  the  expanse  of  tlie 
adjacent  country. 

The  cases  I  now  allude  to  are  the  Vale  of  Pewsey,  to  tlie 
east  of  Devizes,  that  of  the  Wily,  to  the  east  of  Warminster, 
and  the  valley  of  the  Nadder,  extending  from  Shaftsbury  lo 
Barford,  near  Salisbury;  in  which  last  not  only  the  strata  of 
green-sand  are  brought  to  the  surface,  but  also  the  still  loner 
formations  of  Purbeck  and  Portland  beds,  and  of  Kimmendge 
clay. 

It  might  at  first  sight  appear  that  these  valleys  are  nothing 
more  than  simple  valleys  of  denudation;  but  the  fact  of  tlie 
strata  composing  their  escarpments  having  an  opposite  and  out- 
ward dip  from  the  asis  of  the  valley,  and  this  often  at  a  high 
angle,  as  near  Fonthill  and  Barford,  in  the  Vale  of  the  Nadder, 
and  at  Oare,  near  the  base  of  Martinsell  Hill,  in  the  Vale  of 
Powscy,  obliges  us  to  refer  their  inclination  to  some  antecedent 
violence,  analogous  to  that  to  which  I  have  attributed  the  posi- 
tion of  the  strata  in  the  inclosed  valleys  near  Kingsclere,  Hani, 
and  Burbage,  Nor  is  it  probable  that,  without  some  pre- 
existing fracture  or  opening  in  the  lofty  line  of  the  great  clialll 
escarpment,  which  is  here  presented  to  the  north-west,  the 
power  of  water  alone  would  have  forced  open  three  such  deep 
valleys  as  those  in  question,  without  causing  them  to  maintain 
equable  breadth,  instead  of  narrowing  till  they  end  io  k 
point  in  the  body  of  the  chalk  *. 

Riie  and  denudation  of  the  secondary  rocks  graduaK — T« 
l>r.  Bucklniid,  OcoL  Triuia.,  2ai  Stciea,  vul.  u.  p.  123. 
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^  to  the  Talley  of  the  Weald,  the  strata  of  the  North 
R  are  inclined  to  the  north,  at  on  angle  of  from  10°  to  15°, 
il  the  narrow  ridge  of  the  Hogs  back,  west  of  Guildford, 
rey,  about  45°;  those  in  the  South  Downs  dip  to  the 
i  til  &  slight  angle.  It  is  superfluous  to  dwell  on  the 
which  in  this  respect  the  two  escarpments  bear  to 
e  which  flank  the  valleys  above  alludetl  to  ;  and  in  regard 
»  Uie  greater  distance  which  separates  the  hills  of  Surrey  from 
"those  of  Sussex,  the  difficulty  maybe  reduced  simply  to  a 
question  of  time.  If  the  rise  of  the  land  and  its  degradation 
by  aqueous  causes  was  accomplished  by  an  indefinite  number  of 
minor  convulsions,  during  an  immense  lapse  of  ages,  wc  behold 
,  in  ihc  ocean  a  power  fully  adequate  to  perform  the  work  of 
demolition.  If,  on  the  other  hand,  we  embrace  the  hvpothesis 
of  paroxysmal  elevation,  or,  in  other  words,  suppose  a  sub- 
nuirine  tract  to  have  been  converted  instantaneously  into 
nigh  land,  we  may  seek  in  vain  for  any  known  cause  capable  of 
aweeping  away  even  those  portions  of  chalk  and  other  rocks 
which,  all  are  agreed,  must  once  have  formed  the  prolongation 
of  the  existing  escarpments.  It  is  common  in  such  cases  to 
call  in  one  arbitrary  hypothesis  to  support  another,  and  as  the 
upheaving  force  operated  witii  sudden  violence,  so  a  vast  dilu- 
vial wave  is  introduced  to  carry  away,  with  almost  equal 
celerity,  the  mountain  mass  of  strata  assumed  to  have  been 
stripped  off". 

Mulfrials  of  the  tertiary  strata  whence  derived. — If,  then,  wo 
conclude  that  the  wreck  of  the  denuded  district  was  removed 
gradually,  it  follows  that  it  was  deposited  by  degrees  elsewhere. 
If  any  part  of  the  sea  immediately  adjacent  to  the  district 
which  was  then  emerging,  w.is  of  considerable  depth,  the  drift 
matter  would  be  consigned  to  that  submarine  region,  since  every 
current  charged  with  sediment  must  purge  itself  in  the  first 
deep  cavity  which  it  traverses,  as  docs  a  turbid  river  in  a  lake. 
Suppose  that  while  the  wave  sand  currents  were  excavating  the 
longitudinal  valleys,  D  and  C  (No.  81,  p.  310),  the  deposits 
a  were  thrown  down  to  the  bottom  of  the  contiguous  deep 


L 


water  E,  the  sediment  being  drifted  through  transverse  Bssures, 
as  before  explained.  In  this  case,  the  rise  of  the  formaUoni 
Nos.  1,  S,  3,  4,  5,  may  have  been  going  on  contemporaneously 
with  the  excavation  of  the  valleys  C  and  D,  and  with  the  accu- 
mulation of  the  strata  a.  There  must  be  innumerable  poinu 
on  our  own  coast  where  the  sea  is  of  great  depth  near  to  islandi 
and  cliffs  now  exposed  to  rapid  waste,  and  in  all  these  the 
denuding  and  reproductive  processes  must  be  going  on  in  the 
immediate  proximity  of  each  other.  Such  may  have  been  the 
case  during  the  rise  of  the  Valley  of  the  Weald,  and  th« 
deposition  of  the  beds  of  the  London  and  Hampshire  basins. 

The  theory  above  proposed  requires  that  the  deposits  a 
should  be  composed,  for  the  most  part,  of  a  mixture  of  such 
mineral  ingredients  as  would  result  from  the  degradation  of 
the  secondary  groups,  Nos.  1,  2,  3,  4,  5,  Now  ihe  lertiarj 
strata  answer  extremely  well  to  these  conditions.  They  c(«- 
sisl,  as  we  have  before  seen,  of  alternations  of  variously- colon  red 
sands  and  clays,  as  do  the  secondary  strata  from  the  group 
No.  5  to  No.  2  inclusive,  the  principal  difference  being,  tlutt 
the  latter  are  more  consolidated. 

If  it  be  asked,  where  do  we  find  the  ruins  of  the  while  chalk 
among  our  Eocene  strata  ?  We  reply,  that  the  flint  pebblei 
which  are  associated  in  such  immense  abundance  with  the  sandl 
of  liie  plasiic  clay,  are  derived  evidently  from  the  destruction 
of  chalk  ;  and  as  to  the  soft  white  calcareous  matrix,  we  nuj 
suppose  it  to  have  heen  reduced  easily  to  line  sediment,  and  to 
have  contributed,  when  in  n  state  of  perfect  solution,  to  form 
the  shells  of  Eocene  testacen;  or  when  mixed  with  the  waste  d 
the  argillaceous  groups,  Nos.  2  and  4,  which  liave  been  pecu- 
liarly exposed  to  denudation,  it  may  have  entered  into  thfl 
composition  of  the  London  clay,   which  contains   no  slight 
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praponion  of  calcareous  matter.  In  the  crag  of  Norfollc, 
uodoubiedly,  we  find  great  heaps  of  broken  pieces  of  white 
^alk,  with  slightlj-worn  and  angular  flints;  but  in  this  case 
we  may  infer  that  the  attrition  was  not  continued  fur  a  long 
time ;  whereas  the  large  accumulations  of  perfectly -rolled 
■hingle,  which  are  interst ratified  with  our  Eocene  formations, 
proves  that  they  were  acted  upon  for  a  protracted  period  by 
the  waves.  Wc  have  many  opportunities  of  witnessing  the 
entire  demohtion  of  the  chalk  on  our  southern  coast,  as  at  Sea- 
ford,  for  example,  in  Susses,  where  large  masses  are,  year  after 
year,  detached  from  the  cliffs,  and  soon  disappear,  leaving 
nothing  behind  but  a  great  bank  of  flint  shingle  *. 

ailmjs  and  furrows  in  the  chalk  how  caused- — The  furrows 
which  occur  on  the  surface  of  the  chalk,  filled  with  sand  and 
pebbles  of  the  plastic  clay,  may  be  easily  explained  if  we  sup- 
pose the  English  Eocene  strata  to  have  been  formed  during  a 
period  of  local  convulsion.  For  if  portions  of  the  secondary 
rocks  emerged  from  the  sea  in  the  soulii-east  of  our  island 
during  that  period,  it  is  probable  that  the  chalk  underwent 
many  oscillations  of  level,  and  that  certain  tracts  became  land 
and  then  sea,  and  then  land  again,  so  that  parts  of  the  surface, 
first  excavated  by  currents  or  rivers,  were  occasionally  sub- 
merged, and,  after  being  covered  by  tertiary  deposits,  upraised 
again.  We  must  also  remember,  that  almost  every  part  of  the 
chalk  must  have  been  exposed  for  some  time  to  the  action  of 
tlie  waves,  if  we  assume  the  elevation  to  have  been  slow  and  by 
successive  movements.  The  valleys  seen  everywhere  on  the 
surface,  and  the  layers  of  parlially-rolled  and  broken  flints 
which  very  generally  overspread  it,  may  be  referred  to  the  sea 
breaking  upon  the  reefs  and  shoals  when  the  rocks  were  about 
to  emerge.  We  apprehend,  indeed,  that  no  formidable  dif- 
ficulty will  be  encountered  in  explaining  the  position  of  the 
tertiary  sand  which  sometimes  fills  rents  and  furrows  in  the 
chalk,  or  the  occurrence  of  banks  of  shingle  at  the  junction  of 
the  tertiary  strata  and  the  chalk,  if  we  once  admit  that  the 
•  VoLLp.  279,uid  Second  Edition,  p.  3II>. 
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Eocene  deposits  originated  while  the  chalk  and  other  secondary 
rocks  were  rising  from  the  deep  and  wasting  away. 

EarthquakfK  during  the  Eocene  period. — We  have  pointed 
out,  ill  a  former  chapter,  our  reasons  for  concluding  that  the 
Paris  basin  was  a  theatre  of  subterranean  convulsions  during 
the  Eocene  period,  the  older  beds  of  tlic  calcaire  grosaier 
having  been  raised  and  exposed  to  the  action  of  the  waves 
before,  or  at  least  during,  the  deposition  of  the  upper  or  second 
marine  group  *.  These  convulsions  were  doubtless  connected 
with  that  depression  which  let  in  the  sea  upon  the  second  fresh- 
water formation,  and  gave  rise  to  the  superposition  of  the 
upper  marine  beds.  We  have  also  demonstrated,  in  a  pre- 
ceding chapter,  that  some  of  the  earber  volcanic  eruptions  in 
Auvergne  happened  before  the  Eocene  species  of  animals  w«e 
extinct,  and  we  suggested  that  the  great  lakes  of  Central  France 
may  have  been  drained  by  alterations  of  level  which  accompa- 
nied the  outbreak  of  those  earlier  Eocene  volcanos  of  Auvergne, 
We  ought  not,  therefore,  to  be  surprised  if  we  discover  proofs 
that  the  south-east  of  England  participated  in  the  earthquakes 
which  seem  to  have  extended  at  that  time  over  a  considerable 
part  of  the  neighbouring  continent;  and  wo  may  refer  the 
alternation  of  marine  and  fresJi-water  beds  in  the  Isle  of  Wight 
and  coast  of  Hampshire,  to  changes  of  level  analogous  to  those 
which  gave  rise  to  the  intercalation  of  the  upper  marine  for- 
mation in  the  Paris  basin. 

IVhy  fhe  English  Eocene  strata  rise  nearly  as  Idfjh  as  the 
denuded  secondary  districfs.  —  Those  geologists  who  have 
hitherto  regarded  the  rise  and  denudation  of  the  lands  in 
the  south-cast  of  England  as  events  posterior  in  date  to  the 
deposition  of  the  London  clay,  will  object  to  the  foregoing 
reasoning,  that  not  only  certain  outlying  patches  of  tertiary 
strata,  but  even  the  central  parts  of  the  London  and  Hamp- 
shire basins,  attain  very  considerable  altitudes  above  the  level 
of  the  sea.  Thus  the  London  clay  at  Higlibeach,  in  Essex, 
eoches  the  height  of  750  feet,  an  elevation  exceeding  that 
'  See  above,  p.  US. 


I  CI1.XXII.]  AMOUNT  OF  DENVUATION.  313 

of  large  districts  of  the  chalk  and  other  denuded  secondary 
rocks.  But  these  facts  do  not,  we  think,  militate  against  the 
theory  above  proposed,  for  we  have  assumed  a  long-coniinued 
■erics  of  elevatory  movements  in  a  region  where  the  degrada- 
tion and  reproduction  of  strata  were  in  progress. 

If  this  be  granted,  it  is  evident  that  the  great  antagonist 
powers,  the  igneous  and  the  aqueous,  would,  throughout  the 
whole  period,  be  brougiit  into  play  in  llieir  fullest  energy,  the 
igneous  labouring  continually  to  produce  llie  greatest  inequality 
of  surface,  by  uplifting  certain  lines  of  country  and  depressing 
others  ;  the  aqueous  no  less  incessantly  engaged  in  reducing  the 
whole  to  a  level,  by  cutting  off  the  summits  of  the  upraised 
tracts,  and  throwing  the  materials  thence  removed  into  the 
wljoiniog  hollows.  If  the  volcanic  farces  eventually  prevail, 
so  as  to  convert  the  whole  region  into  land,  we  must  expect 
that  some  of  the  materials  drifted  into  the  hollows,  and  forming 
the  newer  strata,  will  be  brought  up  to  view,  while  the  de- 
nuded districts  arc  raised  at  the  same  time.  If  these  last 
continue,  in  general,  to  occupy  n  higher  position  above  the 
level  of  the  sea,  it  is  all  that  can  be  expected  after  the  levelling 
operations  before  alluded  to. 

Now  the  tracts  occupied  by  our  Eocene  formations  are  low, 
not  so  much  with  reference  to  the  secondary  rocks  which  re- 
main, as  to  these  masses  which  must  be  supposed  by  our  theory 
to  have  disappeared,  having  been  carried  away  by  denudation. 
Let  the  portions  removed  from  the  space  intervening  between 
the  North  and  South  Downs,  and  which  are  expressed  by  faint 
lines  in  our  section,  wood-cut  No.  63,  be  restored,  and  we  may 
readily  conceive  that  those  masses  may  have  formed  shoals 
and  dry  land  for  ages  before  any  part  of  our  tertiary  basins 
emerged. 

The  estimate  of  Mr.  Martin  is  not,  perhaps,  exaggerated, 
when  he  computes  the  probable  thickness  of  strata  removed 
from  the  highest  pari  of  the  Forest  ridge  to  be  about  1900 
feet.  So  that  if  we  restore  to  Crowborough  Hill,  in  Sussex, 
the  beds  of  Weald  clay,  Lower  green-sand,  Gault,  and  chalk; 
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vvliich  have  been  removed  by  denudation,  that  h)Il,  instead  of 
rising  to  the  height  of  800  feet,  would  be  more  than  trebled 
in  altitude  *,  and  be  about  2700  feet  high.  It  would  then 
tower  far  above  the  highest  outlyere  of  tertiary  strata  which 
are  scattered  over  our  chalk,  for  Inkpen  Hill,  the  grealeit 
elevation  of  chalk  in  England,  rises  only  1011  feet  above  the 
level  of  the  sea. 

Some  geologists  who  have  thought  it  necessary  to  suppose 
all  the  strata  of  the  London  and  Hampshire  basins  to  haw 
been  once  continuous,  have  estimated  the  united  thickness  of 
the  three  marine  Eocene  groups  before  described,  as  amounting 
to  1300  feet,  and  have  been  bold  enough  to  imagine  a  mass  of 
this  height  to  have  been  once  superimposed  upon  the  chalk 
which  formerly  covered  the  axis  of  the  Weald  +.  Hence  they 
were  led  to  infer  that  Crowborough  Hill  was  once  4000  feet 
high,  and  was  then  cut  down  from  4000  to  600  feet  by  dituvud 
action. 

We,  on  the  contrary,  deem  it  wholly  unnecessary  to  suppose 
any  removal  of  rocks  newer  than  the  secondary  from  the  cen- 
tral parts  of  the  valley  of  the  Weald  ;  and  we  suppose  (he 
waste  of  iho  older  rocks  to  have  been  caused  gradually  during 
the  emergence  of  the  country.  The  small  stripsof  land  which 
were  first  protruded  in  an  open  sea  above  the  level  of  the  waves, 
may  have  been  entirely  carried  away,  again  and  again,  in  the 
intervals  between  successive  movements,  until  at  last  a  great 
number  of  reefs  and  islands  rising  at  once,  afforded  protection 
to  each  other  against  the  attacks  of  the  waves,  and  the  lands 
began  to  increase.  We  do  not  conceive,  therefore,  that  a 
mountain  ridge  first  rose  lo  the  height  of  more  than  2000  feel, 
and  was  then  lowered  to  less  than  half  that  elevation  ;  but  that 
a  stratified  mass,  more  than  2000  feet  thick,  was,  by  the  con- 
tinual stripping  off  of  the  uppermost  beds  as  they  rose, 
diminished  to  a  thickness  of  about  800  feet. 

It  is  not  our  intention,  at  present,  to  point  out  the  applica- 

•  Phil.  M»g,  and  Annal.,  No.  26,  Nuw  ScrieB,  p.  117. 
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tioa  of  the  above  theory  to  the  re^on  immediately  westward 
af  the  great  hue  of  chalk  escarpment  which  runs  through  the 
central  parts  of  England  from  Dorsetshire  to  Cambridgeshire. 
The  denudation  in  that  country  has  doubtless  been  on  a  great 
Kale,  and  was,  perhaps,  eSected  during  the  Eocene  period; 
for  we  know  of  no  reason  why  one  line  of  movements  should 
not  have  been  in  progress  in  a  direction  north-cast  and  soulh- 
wesi,  while  others  were  heaving  up  the  strata  in  lines  running 
east  and  west.  We  may  remark,  at  the  same  lime,  that  if  tha 
chalk  in  the  interior  of  England,  in  those  tracts  from  which  it 
has  been  extensively  swept  away,  began  to  rise  during  the  ter- 
tiary epoch,  and  before  the  emergence  of  the  chalk  which  once 
extended  over  the  central  axis  of  the  Weald,  some  tertiary 
deposits  may,  in  that  case,  have  been  thrown  down  upon  that 
central  ridge.  We  have  at  present,  however,  no  data  to  lend 
countenance  to  such  conjectures. 

yertical  strata  of  the  Isle  of  fJlijlit. — A  line  of  vertical  and 
inclined  strata  running  east  and  west,  or  parallel  to  the  cenlral 
axis  of  the  Weald,  extends  through  the  isles  of  Wigiit  and 
Purheck,  and  through  Dorsetshire,  and  has  been  observed  by 
Dr.  Fitton  to  reappear  in  France,  north  of  Dieppe.  The 
same  strata  which  are  elevated  in  the  Weald  Valley  are  up- 
heaved also  on  this  line  in  the  centre  of  the  Isle  of  Wight, 
where  all  the  tertiary  strata  appear  to  have  partaken  in  the 
Mme  movement*. 

From  the  horizontality  of  the  fresh-water  series  in  Alum 
Bay,  as  contrasted  with  the  vertical  position  of  the  marine  ter- 
tiary beds,  Mr.  Webster  was  at  first  led  very  naturally  to 
conclude,  that  the  latter  had  undLTgone  great  derangement 
before  the  deposition  of  the  former.  It  appears,  liowever, 
from  the  subsequent  observations  of  Professor  Sedgwick  \, 
that  these  appearances  are  deceptive,  and  that  at  the  eastern 

•  Sm  Ht.  WebtteT*!  KctioD,  Qeol.  Tcaiu.,  tdI.  ii.  Fiitt  Setlet,  pUte  XI. 

f  Anniv.  AiUlrett  tu  the  Gcol,  Sue.,  Fob.  1831,  p.  9.  Pruruioc  Sedgwick  in- 
forms mc  tbit  hii  obienatioiu,  nuule  eix  yeara  ago,  have  racentiy  been  confiraxd 
by  Fnlenot  BcdiIow. 
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extremity  of  tlie  Isle  of  Wight,  part  of  the  fresh-water  series 
is  vertical,  like  the  marine.  Hence  it  is  now  ascertained  that 
as  the  chalk  is  horizontal  at  the  southern  extremity  of  the  Isle 
of  Wight,  while  it  is  vertical  in  the  centre  of  that  island,  so  the 
Eocene  strata  are  horizontal  in  the  north  of  the  islan<I,  and 
vertical  in  the  centre.  We  have  only  to  imagine  that  the  great 
flexure  of  the  secondary  and  tertiary  beds,  so  ingeniously 
suggested  by  Mr.  Webster  in  his  theoretical  section  *,  extended 
to  the  fresh-water  formations,  in  order  to  comprehend  how  a 
very  simple  series  of  movements  may  have  brought  the  whole 
of  the  Isle  of  Wight  groups  into  their  present  position. 

We  are  unable  to  assign  a  precise  date  to  the  convulsions 
which  produced  this  great  curve  in  the  stratified  rocks  of  the 
Isle  of  Wight ;  but  we  may  observe  that,  although  subsequent 
to  the  deposition  of  the  fresh-water  beds,  it  docs  not  follow  that 
it  was  not  produced  in  the  Eocene  period.  It  may  have  been 
contemporaneous  with  those  movements  which  raised  the  cen- 
tral parts  of  the  London  and  Hampshire  basins,  which,  as  we 
before  explained,  were  subsequent  to  the  principal  elevation  and 
denudation  of  the  central  axis  of  the  Weald. 

Land  has  certainly  been  elevated  on  our  eastern  coast  since 
the  commencement  of  tlie  older  Pliocene  period,  as  is  attested 
by  the  moderate  height  attained  by  the  crag  strata-}-.  But  these 
changes  of  level  may  have  been  partial,  and  if  the  crag  does  not 
extend  farther  over  the  Eocene  formations,  and  into  the  Weald 
Valley,  it  is  probably  because  those  regions  were  dry  land 
when  the  strata  of  crag  were  forming  in  the  sea. 

The  first  land  that  rose  in  the  south-eastern  extremity  of 
England  may  have  been  placed,  as  we  before  hinted,  where  we 
now  find  the  central  axis  of  elevation  in  the  M'eald,  Perhaps 
the  chalk  islands  there  foi-uied  may  have  supported  that 
tropical  vegetation  whereof  we  find  memorials  in  the  fossil 
•  EaglefieWs  hie  of  Wight,  pUtt  XLVII.  fig.  I. 

t  Wc  nlluded,  at  [i,  1 82,  to  the  siipiMwcl  diKovery  of  recent  rosrine  thelli  *t 
Iheheiglit  or  HO  feet  above  Ihe  sea  in  Shejipey;  but  WB  have  since  leacnt  from 
Profeiior  Sedgwick,  Ihiil  llie  informatiun  commuuicated  lo  the  Geological  Soriely 
An  Ihia  subject  waa  enoueoiiB. 
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of  Slieppey ;  and  the  sliores  of  those  islands  may  have 

frequented,  during  llie  ovipositing  season,  by  the  tiiriles 

Itles,  of  which  the  teeth  and  skeletons  are  imbedded 

London  clay  *. 

Duviums. — Tlie  river  which  produced  that  body  of 

in  which  the  fresh-water  strata  of  Hampshire  originated, 

have  drained  some  contiguous  lands  which  may  have 
emerged  during  the  Eocene  period,  On  these  lands  we  may 
.  suppose  the  Palcothere,  Anoplolbere,  and  Moschtis  of  Binstead 
to  have  lived.  The  discovery  of  the  two  former  genera,  asso- 
dated  as  they  are  with  well-known  Eocene  species  of  testacea, 
is  most  interesting.  It  shows  that  in  England,  or  rather  on 
the  space  now  occupied  by  part  of  our  island,  as  well  as  in  the 
Paris  basin,  Auvergne,  Cantal,  and  Velay,  there  were  mam- 
malia of  a  peculiar  type  during  the  Eocene  period.  Yet  we 
have  never  found  a  single  fragment  of  the  bones  of  any  of  these 
quadrupeds  in  our  alluviums  or  cave  breccias.  In  these 
formations  we  find  the  bones  of  the  mastodon  and  mammoth, 
of  the  rhinoceros,  bippojrotamus,  lion,  hyasna,  bear,  and  other 
quadrupeds,  all  of  extinct  species.  They  are  neeompanied  by 
recent  fresh-water  shells,  or  by  the  marine  fossils  of  the  crag, 
and  evidently  belong  to  an  epoch  posterior  lo  the  Eocene, 
Where,  then,  are  the  terrestrial  alluviums  of  that  surface  which 
was  inhabited  by  the  Paleothcrc  and  its  congeners  ?  Have  the 
remains  which  were  buried  at  so  remote  a  periotl  decomposed, 
so  that  they  no  longer  afford  any  zoological  characters  wliich 
might  enable  us  to  distinguish  tlie  Eocene  from  more  modern 
alluviums? 

It  seems  clear  tJiat  a  peculiar  and  rare  combination  of  favour- 
able circumstances  is  required  to  preserve  mammiferous  or 
other  remains  in  terrestrial  alluviums  in  sufficient  quantity  lo 
afford  the  geologist  the  means  of  assigning  the  dale  of  such 
deposits.  For  this  reason  we  are  scarcely  able,  at  present,  to 
form  any  conjecture  as  to  the  relative  ages  of  the  numerous  A 

■  Wehn«ioltuducedtheiaisl*aJiintutheiiupof  Europe.iu  the  ■lain 
which  luy  be  suppoKil  li>  relatu  tg  the  commiiucKiiuuit  of  (he  Konne  jwiigd 
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alluviums  wliicli  cover  the  sui-fnce  of  Scotland,  a  country  which 
probnbly  became  land  long  before  the  commencement  of  the 
terliary  epochs. 

Elevation  of  land  gradual. — As  we  have  assumed,  through- 
out  this  and  the  preceding  chapter,  that  the  elevatory  force 
was  developed  in  a  succession  of  minor  convulsions  in  tbesoutli- 
east  of  England,  we  may  seem  called  upon  to  answer  an  ob- 
jection which  has  been  drawn  from  the  verticality  of  the  strata 
in  the  Isles  of  Wight  and  Purbeck.  Mr.  Conybeare  has 
remarked,  that  the  vertical  strata  are  traced  through  a  district 
nearly  60 miles  in  length,  so  that  'i/ their  present  position  were 
the  eJFecl  of  a  single  convulsion,  no  disturbance  in  the  least 
comparable  with  it  has  occurred  in  modern  times*.'  As  we 
can  by  no  means  dissent  from  this  proposition,  we  only  ask 
where  is  the  evidence  that  a  single  effort  of  the  subterranean 
force,  rather  than  reiterated  movements,  produced  that  sharp 
flexure  of  which  we  suppose  the  vertical  strata  of  the  Isle  of 
Wight  to  form  a  part,  the  remainder  of  the  arc  having  been 
carried  away  by  denudation. 

It  appears  extremely  probable  that  the  Cutch  earthquake  of 
1819,  so  often  alluded  to  by  us-f",  may  have  produced  an  in- 
cipient curve,  running  in  a  linear  direction  through  a  tract  at 
least  tiO  miles  in  length.  The  strata  were  upraised  in  the 
Ullah  Bund,  and  depressed  below  the  level  of  the  sea  in  the 
adjoining  tract,  where  the  fort  of  Sindree  was  submerged.  It 
would  be  imposbible,  if  the  next  earthquake  should  raise  the 
Bund  still  higher,  and  sink  to  a  lower  depth  the  adjoining 
tract,  to  discriminate,  by  any  geological  investigations,  the  dif- 
ferent etTects  of  the  two  earthquakes,  unless  a  minute  Burvey 
of  the  effects  of  the  first  shock  had  been  made  and  put  on 
record.  In  this  manner  we  may  suppose  the  strata  to  be  bent, 
again  and  again,  in  the  course  of  future  ages,  until  parts  of 
them  become  perpendicular. 

To  some  it  may  appear,  that  there  is  a  unity  of  effect  in  tho 
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Hpt  of  deranged  strata  in  the  teles  of  Wiglit  and  Furbeck,  as 
H^po  in  the  central  axis  of  the  WeaM,  which  is  inconsistent 
HmA  the  iiipposition  of  a  great  number  of  separate  movements 
irring  after  long  intervals  of  time.  But  we  know  that 
ihquakes  are  repeated  throughout  a  long  series  of  ages,  in 
■ame  Bpots,  like  volcanic  eruptions.  The  oldest  lavas  of 
ft  were  poured  out  many  thousand,  perhaps  myriads,  of 
before  the  newest,  and  yet  they  have  produced  a 
mmetrical  mountain  ;  and  if  rivers  of  melted  mailer  thus 
antinue  to  flow  in  tlie  same  direction,  and  towards  the  same 
oinia,  for  an  inde6nitc  lapse  of  ages,  what  difficulty  is  tliere 
1  conceiving  that  the  subterranean  volcanic  force,  occasioning 
Iw  rite  or  fall  of  certain  parts  of  the  earth's  crust,  may,  by 
nterated  movements,  produce  the  most  perfect  unity  of 
emit? 
Excavation  nf  Valleys. — In  our  attempt  to  explain  the  origin 
tf  the  existing  valleys  in  the  south-east  of  England,  it  will  be 
■een  that  we  refer  their  excavation  chiefly  to  the  ocean.  We 
are  aware  that  we  cannot  generalize  these  views  and  npply 
them  to  the  valleys  of  all  parts  of  the  world.  In  Central 
France,  for  example,  rivers  and  land-floods,  co-operating  with 
lakes,  have  deeply  intersected  the  lacustrine  and  volcanic 
deposits,  and  have  hollowed  out  valleys  as  deep,  perhaps,  as 
any  in  our  Weald  district.  In  wliat  manner  these  effects  may 
be  brought  aljout  in  the  course  of  time,  by  the  action  of  run- 
ning water,  even  without  the  intervention  of  the  sea,  may  be 
understood  by  what  we  have  spicl  of  the  removal  of  rock  by 
aqueous  agency  during  the  Calabrian  earthquakes  *. 

Those  geologists  who  contend  that  the  valleys  in  England 
ire  not  due  to  what  they  term  '  modern  causes,'  are  in  the 
habit  of  appealing  to  the  fact,  that  the  rivers  in  the  interior  of 
England  are  working  no  sensible  alterations,  and  could  never, 
in  their  present  state,  not  even  in  millions  of  years,  excavate 
the  valleys  through  which  they  now  flow.  We  suspect  that  a 
false  theory  is  involved  even  in  the  term  '  modem  causes,'  aa 
■  VoLi.  dup,  ixiT. 
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if  it  could  be  assumed  that  tliere  were  ancient  causes  differing 
from  those  which  are  now  in  operation.  But  if  we  substitute 
tlie  phi'ase,  existing  causes,  we  shall  find  that  the  argumeat 
now  controverted  amounts  to  little  more  than  this,  •  that  in  a 
country  free  from  subterranean  movements,  the  action  of  run- 
ning water  is  so  trifling  that  it  could  never  hollow  out,  in  any 
lapse  of  ages,  a  deep  system  of  valleys,  and,  therefore,  no  kuOTn 
combination  of  existing  causes  could  ever  have  given  rise  to 
our  present  valleys  ! ' 

The  advocates  of  these  doctrines,  in  their  anxiety  to  point 
out  the  supposed  absurdity  of  attributing  to  ordinary  causes 
those  inequalities  of  hill  and  dale,  which  now  diversify  the 
earth's  surface,  have  too  often  kept  entirely  out  of  view  the 
many  recorded  examples  of  elevations  and  subsidences  of  land 
during  earthquakes,  the  frequent  Assuring  of  mountains,  and 
openiug  of  chasms,  the  damming  up  of  rivers  by  landslips, 
t)ie  deflection  of  streams  from  their  original  courses,  and  more 
important,  perhaps,  than  all  these,  tlie  denuding  power  of  the 
ocean,  during  the  rise  of  our  continents  from  the  deep.  Few 
of  the  ordinary  causes  of  change,  whether  igneous  or  aqueous, 
can  be  observed  to  act  with  their  full  intensity  in  any  one  place 
at  the  same  lime;  hence  it  is  easy  to  persuade  those  who 
have  not  reflected  long  and  profoundly  on  the  working  of 
the  numerous  igneous  and  aqueous  agents,  that  ''*ey  are  en- 
tirely inadequate  to  bring  about-any  important  fluctuations  in 
the  configuration  of  the  earth's  surface. 

Recapitulation. — We  shall  now  briefly  recapitulate  the  con- 
clusions to  which  we  have  arrived  respecting  the  geology  of 
the  south-east  of  England,  in  reference  to  the  nature  and  origin 
of  the  Eocene  formations  considered  in  this  and  the  two  pre- 
ceding chapters. 

1.  In  the  fii^st  place,  it  api'ears  that  the  tertiary  strata  rest 
exclusively  upon  the  chalk,  and  consist,  with  some  trifling  ex- 
ceptions, of  alternations  of  clay  and  sand. 

2,  The  organic  remains  agree  with  those  of  the  Paris  basin, 
but  the  mineral  character  of  the  deposit  is  extremely  diflerent, 
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those  rocks  in  particular,  which  are  common  to  the  Paris  basin 
lod  Central  France,  being  wanting,  or  extremely  rare,  in  the 
English  tertiary  formations. 

3.  The  Eocene  deposits  of  England  are  generally  conform- 
able to  the  chalk,  being  horizontal  where  the  beds  of  chalk  are 
horizontal,  and  vertical  where  they  are  vertical ;  so  that  both 
series  of  rocks  appear  to  have  participated  in  nearly  the  same 
movements. 

4.  It  is  not  possible  to  define  the  limits  of  the  ancient  bor- 
ders of  the  tertiary  sea  in  the  soutli-east  of  England,  in  the 
same  manner  as  can  bo  frequently  done  in  those  countries  where 
the  secondary  rocks  arc  unconformable  to  the  tertiary. 

5.  Although  the  tertiary  deposits  are  chiefly  confined  to  the 
tracts  called  the  basins  of  London  and  Hampshire,  insulated 
patches  of  tliem  are,  nevertheless,  found  on  some  of  the  higliest 
summits  of  tlie  chalk  intervening  between  these  basins. 

6.  These  outliers,  however,  do  not  necessarily  prove  that 
the  great  mass  of  tertiary  strata  was  once  continuous  between 
the  basins  of  London  and  Hampshire,  and  over  other  parts  of 
ihe  south-east  of  England  now  occupied  by  secondary  rocks. 

7.  On  the  contrary,  it  is  pi'obable  thai  these  secondary  dis- 
tricts were  gradually  elevated  and  denuded  when  the  basins  of 
London  and  Hampshire  were  siiii  submarine,  and  while  they 
were  gradually  bqcoming  filled  up  with  tertiary  sand  and  clay. 

8.  If,  in  illustration  of  this  theory,  we  examine  one  of  the 
districts  thus  supposed  to  have  been  denuded,  we  find  in  the 
Valley  of  the  Weald  decided  proofs,  that  since  the  emergence 
of  the  secondary  rocks,  an  immense  mass  of  chalk  and  subjacent 
foriDations  has  been  removed  by  the  force  of  water. 

9.  We  infer  from  the  existence  of  large  valleys  along  the 
outcrop  of  the  softer  beds,  and  of  parallel  chains  of  hills  where 
harder  rocks  come  up  to  the  surface,  that  water  was  the  re- 
moving cause ;  and  from  the  shape  of  the  escarpments  pre- 
sented by  the  harder  rocks,  and  the  distribution  of  alluvium 
over  dilTi-Tent  parts  of  the  surface  of  the  Weald  district, 
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conclude  that  the  denudatioii  was  successive  and  gradual  duriug 
the  rise  of  the  strata. 

10.  We  may  suppose  that  the  materials  carried  away  from 
the  denuded  district  were  couveyed  into  the  depths  of  the  coo- 
tigUDUs  sea,  through  channels  produced  by  cross  fractura 
vhich  have  since  become  river-channels,  and  which  now  inter- 
sect the  chalk  in  a  direction  at  right  angles  to  the  general  axii 
of  elevation  of  the  country. 

11.  The  analogous  structure  of  the  Valley  of  Kingsclere, 
And  other  valleys  which  run  east  and  west,  like  the  Valley  of 
the  Weald,  but  are  much  narrower,  accord  also  with  the  hypo- 
thesis, that  they  were  all  produced  by  the  denuding  power  of 
water  co-operating  with  elevatory  movements. 

12.  The  mineral  composition  of  the  materials  thus  supposed  to 
have  been  removed  in  immense  abundance  from  the  Valley  of 
the  Weald,  are  precisely  such  as  would,  by  degradation,  form 
the  English  Eocene  strata. 

13.  It  is  probable  that  there  were  many  oscillations  of  level 
during  the  Eocene  period,  so  that  some  tracts  were  alternately 
land  and  then  sea,  and  then  land  again.  These  fiuctuattoDS 
may  account  for  the  furrowed  surface  of  the  chalk  on  which  the 
teruory  strata  sometimes  repose,  for  the  valleys  on  its  surface, 
for  the  banks  of  shingle  associated  with  the  Plastic  clay,  for 
the  partial  deposits  of  sand  and  clay  on  elevated  tracts  of  cbalkj 
and  for  the  alternations  of  niarlDe  and  fresh-water  strata  in  the 
Hampshire  basin. 

14.  The  volcanic  eruptions  of  the  Eocene  period  in  Au. 
▼ergne.  the  changes  of  level  which  took  place  at  the  same  time 
in  tlie  Paris  basin,  and  those  above  alluded  to  in  the  southeast 
of  England,  may  all  have  belonged  to  one  theatre  of  subter- 
ranean convulsion. 

15.  The  basins  of  London  and  Hampshire  may  have  been 
partly  formed  by  subsidences  in  the  bed  of  the  sea,  contempo- 

Lraneously  with   the  elevation  and   emergence  of  the  Weak! 
"istrict. 
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16.  The  movements  which  threw  the  chalk  and  the  tertiary 
strata  of  the  isles  of  Wight  and  Purbeck  into  a  vertical  posi* 
tion,  were  subsequent  to  the  formation  of  the  Eocene  fresh- 
water strata  of  the  Isle  of  Wight,  but  may  possibly  have 
occurred  during  the  Eocene  period. 

17.  The  masses  of  secondary  rock  which  have  been  removed 
by  denudation  from  the  central  axis  of  the  Weald  would,  if 
restored,  rise  to  more  than  double  the  height  now  attained  by 
any  patches  of  tertiary  strata  in  England. 

18.  If,  therefore,  the  Eocene  strata  do  not  appear  to  occupy 
a  much  lower  level  than  the  secondary  rocks,  from  the  destruc- 
tion of  which  they  have  been  formed,  it  is  because  the  highest 
summits  of  the  latter  have  been  cut  off  during  the  rise  of  the 
land,  and  thrown  into  those  troughs  where  we  now  find  the 
tertiary  deposits. 

19.  The  upheaving  of  the  strata  of  the  London  and  Hamp- 
shire basins  may  have  been  in  great  part  effected  towards  the 
dose  of  the  Eocene  period  ;  but  it  must  also  have  been  in  some 
part  due  to  the  movements  which  raised  the  crag. 
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CHAPTER  XXIII. 

Stconilarj  farm&liaDB — Bcief  enuiiier>(iaa  of  tfae  principil  gmupa — No  ijicciti 
comnioii  to  the  secundiuy  and  teiiisry  rocks — Clitum  between  Uie  Kocensiiid 
Mnestiiclit  bcdi-Duritioa  of  accoiKiiiiy  peibJi— Former  caatineuli  [ilud 
wticri!  it  is  iio«  aea — Secondary  fresli-Hatec  depotiita  wh;  rare — PerwiteDc;  it 
minenil  compuaitinn  why  apparenllf  ^eatest  in  older  rocks — Supposad  udiick 
lality  of  red  marl  formations — Secondary  rocka  why  monj  consolidalid— Wl) 
more  fractured  and  disturlicd — Secondary  volcanic  racks  of  many  differeol  lga< 

SECONDARY  FORMATIONS. 

As  we  have  already  exceeded  the  limits  originallj  assigned  to 
this  work,  it  is  not  our  intention  to  enter,  at  present,  upon  a 
detailed  description  of  llie  formations  usually  called  '  Secon- 
dary,' the  elucidation  of  which  might  well  occupy  anoihet 
Tclume.  By  '  secondary,'  we  mean  those  stratified  rocks  older 
than  the  tertiary,  which  contain  distinct  organic  remains,  and 
which  somelimes  pass  into  the  strata  called  '  Primary,'  to  be 
described  in  our  concluding  chapters. 

The  observations  which  we  are  about  to  offer  have  chiefly 
for  their  object  to  show  that  the  rules  of  interpretation  adopted 
by  us  for  the  tertiary  formations,  are  equally  applicable  to  ilie 
phenomena  of  the  secondary  series.  This  last  has  been  divided 
into  several  groups,  and  we  shall  briefly  enumerate  some  of 
the  principal  of  these  for  the  convenience  of  reference,  with- 
out pretending  to  offer  to  ihe  student  a  systematic  classification, 
founded  on  a  full  comparison  of  fossil  remains. 

PRINCIPAL  SECONDARY  GROUPS.    {DeteendiHg  Striet.) 

1.  Slrala  from  the  chalk  of  Maastricht  to  the  lower  green- 
sand  inclusive. 
The  number  of  species  of  testacea  already  procured  from  the 
different  members  of  this  division  amount  to  about  1000. 
The  principal  subdivisions  are  the  Maestricht  beds,  the  chalk 
with  and  without  flints,  the  upper  green-sand,  the  gault,aod 
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the  lower  green-sand.  The  first  of  these  groups  is  seen  at 
St.  Peter's  Mount,  Maestricht,  reposing  upon  the  upper  flinty 
chalk  of  England  and  France.  It  is  characterized  by  a  pecu- 
liar assemblage  of  organic  remains,  perfectly  dislinct  from  those 
of  the  tertiary  period.  M.  Deshayes,  after  a  careful  compa- 
rison, and  after  making  drawings  of  more  than  200  species  of 
the  Maestricht  shells,  has  been  unable  to  ideniify  any  one  of 
tfaeoi  with  the  numerous  tertiary  fossils  in  his  collection.  On 
the  other  hand,  there  are  several  shells  which  are  decidedly 
common  to  the  calcareous  beds  of  Maestricht  and  the  white 
chalk.  The  names  of  twelve  of  these,  communicated  by  M. 
Deshayes,  will  be  found  in  Appendix  II.,  p.  60. 

But  the  fossils  of  the  Maesiricht  beds  extend  not  merely 
into  the  white  chaik  of  the  French  geologists,  but  into  their 
'  green-sand,'  which  appears  to  correspond  very  nearly  with 
llie  upper  green-sand  of  the  English  geologists,  A  list  of 
five  species  of  shells,  common  to  the  Maestriclit  beds  and 
the  upper  green-sand  of  France,  will  be  found  in  Appendix 
II.,  p.  60. 

It  will  be  seen  by  the  above  lists,  thai  the  belemnite,  one  of 
the  cephalopodes  not  found  in  any  tertiary  formation,  occurs 
in  the  Maestricht  beds;  an  ammonite  has  also  been  discovered 
Ml  this  group  by  Dr.  Fitton,  and  is  now  in  the  collection  of  the 
Geological  Society  of  London. 

That  gigantic  species  of  reptile,  the  Mososaurus  of  Maestricht, 
has  rIso  been  found  by  Mr.  Mantel!  in  the  English  chalk. 

2.  The  Jl'ealden,  or  the  strata /mm  the  Weald  clay  to  the 
Purbeck  limestone  inclusive. 
The  numerous  fossil-shells  of  this  group  are  referrihle  to  fresh- 
water genera,  which  are  associated  with  many  remains  of 
fluviadle  and  terrestrial  reptiles  and  land-planls.  We  believe 
that  no  species,  whether  animal  or  vegetable,  in  this  group,  has 
teen  distinctly  identltied  with  any  found  either  in  the  super- 
incumbent marine  beds  of  the  first  division,  or  in  the  subjacent 
rocks  of  the  group  No,  3,  which  are  also  of  marine  origin. 
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3.  Oolite f  or  Jura  Kmestone  formation^ 

This  division,  in  which  we  do  not  include  the  lias,  oontnil' 
great  number  of  subordinate  members,  several  of  whidi  af 
relate,  perhaps^  to  periods  as  important  as  our  subdiTinwf ! 
the  great  tertiary  epoch.  The  shells,  eren  of  the  upponi 
part  of  the  series,  appear  to  difier  entirely  from  the  ipdi 
found  in  the  division  No.  1. 

4.  TheLioi. 

The  shells  of  the  argillaceous  limestone,  termed  IiaS|  mi 
other  associated  strata,  differ  considerably  from  those  of  the 
preceding  group,  as  do  the  greater  number  c^  species  of  vff- 
tebrated  animals. 

5.  Strata  intervening  between  the  Luu  and  the  Carbcnifenm 

group. 

The  formations  which  are  refcrrible  to  the  interval  which 
separated  the  great  coal  formations  from  the  division  last  men- 
tioned, are  very  various,  and  some  of  them,  like  the  new  red 
sandstone,  contain  few  organic  remains.  One  group,  however, 
belonging  to  this  period,  the  Muschelkalk  of  the  Germans, 
which  has  no  precise  equivalent  among  the  English  strata,  con- 
tains many  organic  remains  belonging  to  species  perfecdy 
distinct  from  the  fossils  of  the  lias,  and  equally  so  from  those 
of  the  carboniferous  era  next  to  be  mentioned. 

6.  Carboniferous  groupy  comprising  the  coal-measures^  the 
mountain  limestone^  the  old  red  sandstone,  the  transition 
limestone,  the  coarse  slates  and  slaty  sandstones  called  gray- 
wacke  by  some  writers,  and  other  associated  rocks. 

The  mountain  and  transition  limestones  of  the  English  geolo- 
gists contain  many  of  the  same  species  of  shells  in  common, 
and  we  shall  therefore  refer  them  for  the  present  to  the  same 
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period ;  and,  consequently,  the  coal,  which  alternates  in 
districts  vrith  mountain  limestone,  and  the  old  red  sand- 
which  intervenes  between  the  mountain  and  transition 
Itaestones,  will  be  considered  as  belonging  to  the  same  period. 
^She  coal-bearing  strata  are  characterized  by  several  hundred 
tfedeB  of  plants,  which  serve  very  distinctly  to  mark  the  vegc« 
liAian  of  part  of  this  era.  Some  of  the  rocks,  termed  gray  wackc 
Id  Germany,  are  connected  by  their  fossils  with  the  mountain 
fimestone* 

With  this  group  we  shall  conclude  our  enumeration  for  the 
present ;  for  although  other  divisions  may  hereafter  be  requi- 
nte,  we  are  not  aware  that  any  antecedent  periods  can  yet  be 
established  on  the  evidence  of  a  distinct  assemblage  of  fossil 
remains.  Traces  of  organization  undoubtedly  occur  in  rocks 
more  ancient  than  the  transition  limestone,  and  its  associated 
sandstones,  called  graywacke;  but  we  cannot  refer  them  to  a 
distinct  geological  period,  according  to  the  principles  laid  down 
in  this  work^  until  we  have  obtained  data  for  determining  the 
specific  characters  of  a  considerable  number  of  fossil  remains. 

In  reviewing  the  above  groups  we  may  first  call  the  reader's 
attention  to  the  important  fact  stated  on  the  authority  of  M. 
Deshayes,  that  no  species  of  fossil  shells  has  yet  been  found 
common  to  the  secondary  and  tertiary  formations*.  This 
marked  discordance  in  the  organic  remains  of  the  two  series 
is  not  confined  to  the  testacea,  but  extends,  so  far  as  a  careful 
comparison  has  yet  been  instituted,  to  all  the  other  departments 
of  the  animal  kingdom^  and  to  the  fossil  plants.  I  am  in- 
formed by  M.  Agassiz,  whose  great  work  on  fossil  fish  is 
anxiously  looked  for  by  geologists,  that  after  examining  about 
500  species  of  that  class,  in  formations  of  all  ages,  he  could  dis- 
cover no  one  common  to  the  secondary  and  tertiary  rocks ; 
nay,  all  the  secondary  species  hitherto  known  to  him,  belong  to 

*  M.  DeihAjret  asitiiM  me  that  he  has  seen  no  tertiary  shells  in  the  Oosau  beds, 
supposed  by  some  geologists  to  be  intermediate  between  the  secondary  and  tertiary 
formations ;  but  that  some  of  the  most  characteristic  ^lecics  of  Gosau  occur  in  the 
green-sand  beneath  the  chalk,  at  Mons  in  Belgium. 
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genera  distinct  from  those  establislied  for  the  classification  of 
tertiary  and  recent  fish. 

Chasm  between  the  Eocene  and  Maesinchf  farmationt. — 
There  appears,  then,  to  be  a  greater  chasm  between  the  organic 
remains  of  the  Eocene  and  Maestricht  beds,  than  between  the 
Eocene  and  Kecent  strata  j  for  there  are  some  living  shells  in 
the  Eocene  formations,  while  there  are  no  Eocene  fossils  in  the 
newest  secondary  group.  It  is  not  improbable  that  a  greater 
interval  of  time  may  be  indicated  by  this  greater  dissimilarity 
in  fossil  remains.  In  the  3rd  and  4th  chapters  we  endeavoured 
to  point  out  that  we  have  no  right  to  expect,  even  when  we 
have  investigated  a  greater  extent  of  the  earth's  surface,  that 
we  shall  be  able  to  bring  to  light  an  nnbroken  chronological 
series  of  monuments  from  the  remotest  eras  to  the  present ; 
but  as  we  have  already  discovered  a  long  succession  of  depoaiCi 
of  different  ages,  between  the  tertiary  groups  first  known  and 
the  recent  formations,  so  we  may,  perhaps,  hereafter  detect  an 
equal,  or  even  greater  scries,  intermediate  between  the  Maes- 
tricht beds  and  the  Eocene  strata. 

Duration  of  secondary  periods. — The  different  Bubdivisioai 
of  the  secondary  group  No.  1,  extending  from  the  chalked 
Maestricht  to  the  lower  green-sand  inclusive,  may,  perhaps, 
relate  to  a  lapse  of  ages  as  immense  as  the  united  tertiary 
periods,  of  which  we  have  sketched  the  eventful  history  in  tWi 
volume.  Such  a  conjecture,  at  least,  seems  warranted,  if  we 
can  form  any  estimate  of  the  quantity  of  time,  by  comparing 
the  amount  of  vicissitude  in  animal  life  which  has  occtirred 
during  its  lapse. 

Position  of  farmer  continents  — The  existence  of  Ben  U 
well  as  land,  at  every  geological  period,  is  attested  by  the  re* 
mains"  of  terrestrial  plants  imbedded  in  the  deposits  of  all  ages, 
even  the  most  remote.  We  find  fluviatile  shells  not  uo- 
frequenlly  in  the  secondary  strata,  and  here  and  there  some 
fresh-water  formations  ;  but  ilie  latter  are  less  common  than 
in  the  tertiary  series.  For  this  fact  we  have  prepared  the 
ider's  mind,  by  the  views  advanced  in  the  third  chapter 
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iling  ihe  different  circumstances  under  which  we  concciTe 
secondary  and  tertiary  strata  to  have  originaled.  We  have 
hinted,  that  the  former  may  have  been  accumulated  in  an 
like  the  Pacific,  where  coralline  and  shelly  limestone  arc 
ling,  or  in  a  basin  like  the  bed  of  the  western  Atlantic, 
rhtcfa  may  have  received  for  ages  the  turbid  waters  of  great 
tvers,  such  as  the  Amazon,  and  Orinoco,  each  draining  a  con- 
lerable  extent  of  conlinent.  The  tertiary  deposits,  on  the 
hand,  may  have  been  accumulated  during  the  growth 
a  continent,  by  the  successive  emergence  of  new  lands,  and 
e  uniting  togeiher  of  islands.  During  such  changes,  inland 
H  nnd  lakes  would  be  caused,  and  afterwards  filled  up  with 
iiment,  and  then  raised  above  the  level  of  the  waters. 
That  the  greater  part  of  the  space  now  occupied  by  the 
European  continent  was  sea  when  some  of  the  secondary  rocks 
iirere  produced,  must  be  inferred  from  the  wide  areas  over 
which  several  of  the  marine  groups  are  diffused  ;  but  we  do 
Hot  suppose  that  the  quantity  of  land  was  less  in  those  remote 
ages,  but  merely  that  its  position  was  very  different.  In  the 
above  tabular  view  of  the  secondary  rocks,  we  have  shown 
that  inimedialely  below  the  division  No,  1,  or  '  the  chalk  and 
green-sand,'  is  placed  a  fresh-water  formation  called,  in  the 
south-east  of  England,  the  Wealden.  This  group  has  been 
■scerlained  lo  extend  from  west  to  east  (from  Lulworth  Cove 
to  the  boundary  of  the  Lower  Boulonnois)  about  200  English 
miles,  and  from  north-west  lo  south-east  (from  Whitchurch  to 
Beauvais),  about  2^10  miles,  the  depth  or  total  thickness  of  the 
beds,  where  greatest,  being  about  2000  feet  •. 

Now  these  phenomena  most  clearly  indicate,  that  there  was 
a  constant  supply  in  this  region,  for  a  long  period,  of  a  consider- 
able body  of  fresh  water,  such  as  might  be  supposed  to  have 
drained  a  continent,  or  a  largo  island,  containing  within  it  a  lofty 
chain  of  mountains.  Dr.  Fitton,  in  speaking  of  these  appear- 
ances, recalls  lo  our  recollection  that  the  delta  of  the  newly-dis- 
covered Quorra,  or  Niger,  in  Africa,  stretches  into  the  interior 
*  Fittoa'i  Geolagy  oC  HutiDgs,  p.  58. 
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for  more  thnn  170  miles,  and  occupies,  it  is  supposed,  a  space 
of  more  tlian  300  miles  along  ihe  coast,  thus  forming  a  surface 
of  more  tlian  25,000  square  miles,  or  equal  lo  about  one  half 
of  England  *. 

Now  if  this  modern  •  delta,'  or,  in  other  words,  that  part  of 
the  bed  of  the  Atlantic  which  has  been  converted  into  land  by 
matter  deposited  immediately  at  the  river's  mouth,  be  so 
extensive,  how  much  larger  may  be  the  space  over  which  the 
same  kind  of  sediment  may  bo  distributed  by  the  action  of  the 
tides  and  currents  !  If,  then,  groups  like  the  Wealded  may 
be  formed  near  the  mouths  of  great  rivers,  others,  like  the 
lias,  may  be  produced  by  the  wider  dispersion  of  similar  ma- 
terials over  larger  submarine  areas.  For  we  may  conceive  that 
the  Niger  may  carry  out  the  remains  of  land  plants,  and  the 
carcasses  and  bones  of  fluviatile  reptiles,  into  places  where  they 
may  be  swept  away  by  currents  and  afterwards  mingled  lat 
and  wide  with  the  marine  shells  and  corals  of  the  Atlantic. 

The  reader  will  remember  that  we  stated,  in  the  first  volumef , 
that  the  common  crocodile  of  the  Ganges  frequents  both  fresh 
and  salt  water,  the  same  species  being  sometimes  seen  far  inland, 
many  hundred  miles  from  tlie  sea,  and  at  the  same  time  swarm- 
ing on  the  sand-banks  in  the  salt  and  brackish  water  beyond 
the  limits  of  the  delta. 

If  we  are  asked  where  the  continent  was  placed  from  the 
ruins  of  which  the  Wealden  strata  were  derived,  we  are  almost 
tempted  to  speculate  on  the  former  existence  of  the  Atlantis 
of  Plato,  which  may  be  true  in  geology,  although  fabulous  as 
an  historical  event.  We  know  that  the  present  European 
lands  have  come  into  existence  almost  entirely  since  the  depo- 
sition of  the  chalk,  and  the  same  period  may  have  sufficed  fi» 
the  disappearance  of  a  continent  of  equal  magnitude,  situated 
farther  to  the  west. 

Secondary  fresh-tvaler  deposila  why  rare.' — If  there  were 
I  extensive  tracts  of  land  in  the  secondary  period,  we  may  pre- 
sume that  there  were  lakes  also;  yet  wc  are  not  aware  of  any 
•  Filton'8  Geology  or  Htrting!,  p.  58,  who  cites  Lanilet's  TrsTBla, 


■  TTTTT]      PERSISTENCY  OF  MINERAL  CHARACTER.  331 


lacustrine  formations  interstratified  with  rocks  older  than 
dialk.  Perhaps  their  absence  may  be  accounted  for  by  the 
tion  of  the  theoretical  views  above  set  forth ;  for  if  the 
ocean  coincides  for  the  most  part  with  the  site  of  the 
lAeient  continent^  the  places  occupied  by  lakes  must  have  been 
tabmerged.  It  should  also  be  recollected^  that  the  area 
torered  by  lakes,  at  any  one  time^  is  very  insignificant  in  pro- 
portion to  the  sea,  and,  therefore,  we  may  expect  that,  after  the 
Mrth's  surface  has  undergone  considerable  revolutions  in  its 
physical  geography,  the  lacustrine  strata  will  be  concealed,  for 
the  most  part,  under  superimposed  marine  deposits. 

Pertistency  of  mineral  character. — In  the  same  manner  as  it 
Is  rare  and  difRcult  to  find  ancient  lacustrine  strata,  so  also  we 
can  scarcely  expect  to  discover  newer  marine  groups  preserving 
the  same  lithological  characters  continuously  throughout  wide 
areas.  The  chalk  now  seen  stretching  for  thousands  of  miles 
over  different  parts  of  Europe,  has  become  visible  to  us  by  the 
effect,  not  of  one,  but  of  many  distinct  series  of  movements. 
Time  has  been  required,  and  a  succession  of  geological  periods, 
to  nuse  it  above  the  waves  in  so  many  regions ;  and  if  calca- 
reous rocks  of  the  Eocene  or  Miocene  periods  have  been  formed, 
preserving  an  homogeneous  mineral  composition  throughout 
equally  extensive  regions,  it  may  require  convulsions  as  nu- 
merous as  all  those  which  have  occurred  since  the  origin  of  the 
chalk,  to  bring  them  up  within  the  sphere  of  human  observa- 
tion. Hence  the  rocks  of  more  modern  periods  may  appear  of 
partial  extent,  as  compared  to  those  of  remoter  eras,  not  because 
there  was  any  original  difference  of  circumstances  throughout 
the  globe  when  they  were  formed,  but  because  there  has  not 
been  sufficient  time  for  the  development  of  a  great  series  of 
subterranean  volcanic  operations  since  their  origin. 

At  the  same  time,  the  reader  should  be  warned  not  to  place 
implicit  reliance  on  the  alleged  persistency  of  the  same  mineral 
characters  in  secondary  rocks  *.  When  it  was  first  ascertained 
that  an  order  of  succession  could  be  traced  in  the  principal 

^  See  wme  remarks  on  this  subject,  toI.  u  p*  90,  and  Second  Edition,  p.  102. 
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groups  of  strata  above  enumerated  by  us,  names  were  given  to 
each,  derived  from  the  mineral  composition  of  the  rocks  in 
those  parts  of  Germany,  England  or  France,  where  ibey  hap- 
pened to  be  first  studied.  When  it  was  afterwards  ackno*- 
ledged  that  the  zoological  and  pliytological  characters  of  the 
same  formations  were  far  more  |>ersisient  than  iheir  mioeral 
peculiarities,  the  old  names  were  still  retained,  instead  of  being 
exchanged  for  others  founded  on  more  constant  and  essential 
characters.  The  student  was  given  to  understand,  that  the 
terms  chalk,  green-snnd,  oolite,  red  marl,  coal,  and  others, 
were  to  betaken  in  a  liheral  and  extended  sense;  that  challt 
was  not  always  a  cretaceous  rock,  but,  in  some  places,  as  on  the 
northern  flanks  of  the  Pyrenees,  and  in  Catalonia,  a  saliferous 
red  mar!.  Green-sand,  it  was  said,  was  rarely  green,  and  fre- 
quently not  arenaceous^  but  represented  in  parts  of  the  south 
of  Europe  by  a  hard  dolomitic  limestone.  In  like  manner,  it 
was  declared  that  the  oolitic  texture  was  rather  an  exception 
to  the  general  rule  in  rocks  of  the  oolitic  priod,  and  that  no 
panicle  of  carbonaceous  matter  could  often  he  detected  in  the 
true  coal  formation  of  many  districts  where  it  attains  great 
thickness.  It  must  be  obvious  lo  every  one,  that  inconvenience 
and  erroneous  prepossessions  could  hardly  fail  to  arise  from 
such  a  uomenclaturcj  and  accordingly  a  fallacious  mode  of  rea- 
soning has  been  widely  propagated,  chiefly  by  the  influence  of 
a  language  so  singularly  inappropriate. 

After  the  admission  that  the  identity  or  discordance  of 
mineral  character  was  by  no  means  a  sure  test  of  agreement  or 
disagreement  in  the  age  of  rocks,  it  was  still  thought,  by  many 
geologists,  that  if  they  found  a  rock  at  the  antipodes  agreeing 
precisely  in  mineral  composition  with  another  well  known  io 
Europe,  they  could  fairly  presume  that  both  are  of  the  same 
age,  until  the  contrary  could  be  shown. 

Now  it  is  usually  difficult  or  impossible  to  combat  such  an 
assumption,  on  gL'ological  grounds,  so  long  as  wc  are  imper- 
fectly acquainted  with  the  geology  of  a  distant  country,  inas- 
much   as  there  are  often  no  organic  remains  in  the  foreign 
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itum,  and  even  if  these  abound  and  are  speciiically  difTerent 
the  fossils  of  the  supposetl  European  equivalent,  it  may 
objected,  that  we  cannot  expect  the  same  species  to  have 
ibitpd  very  distant  quarters  of  the  globe  at  the  same  lime. 
Supposed  univcrsalily  of  red  marl. — We  shall  select  a  remark- 
example  of  the  erroneous  modeof  generalizing  now  alluded 
A  group  of  red  marl  and  sandstone,  sometimes  containing 
X  and  gypsum,  is  found  in  England  interposed  between  the 
and   the  carboniferous  strata.      For  this  reason,  other  red 
.s  and  sandstones,  associated   some  of  them  with  salt  and 
lers  with  gypsum,  and  occurring  not  only  in  diiferent  parts 
of  Europe,  but  in   Peru,  India,  the  salt  deserts  of  Asia,  those 
of  Africa,  in  a  word,  in  every  quarter  of  the  globe,  have  been 
referred  to  one  and  the  same  period.     The  burden  of  proof  is 
not  supposed  to  rest  with  those  who  insist  on  the  identity  of 
age  of  all  these  groups,  so  that  it  is  in  vain  to  urge  as  an  ob- 
jection, the  improbability  of  the  hypothesis  which  would  imply 
that  all  the  moving  waters  on  tlie  globe  were  once  simulta- 
neously charged  with  sediment  of  a  red  colour. 

But  the  absurdity  of  pretending  to  identify,  in  age,  all  the 
red  sandstones  and  marls  in  question,  has  at  length  been  suf- 
ficiently exposed,  by  the  discovery  that,  even  in  Europe,  they 
belong  decidedly  to  many  different  epochs.  We  have  already 
ascertained,  that  the  red  sandstone  and  red  marl  with  which 
ihe  rock-salt  of  Cardona  is  associated,  may  be  referred  to  the 
period  of  our  chalk  and  green-sand  *.  We  have  pointed  out 
that  in  Auvergne  there  are  red  marls  and  variegated  sand- 
stones,  which  are  undislinguishable  in  mineral  composition, 
from  the  new  red  sandstone  of  English  geologists,  but  which 
were  deposited  in  tlie  Eocene  period  ;  and,  lastly,  the  gypseous 
red  marl  of  Aix  in  Provence,  formerly  supposed  to  be  a  marine 
secondary  group,  is  now  acknowledged  to  be  a  tertiary  fresh- 
water formation. 

*  I  wu  led  to  thii  opinion  when  I  viiitod  Cudona  in  1S30,  and  befur«  I  was 
•wuc  (bat  M.  DurtenoyhaduciTedullhu  aamucoacluiiuns.  Aou.  ilts  Sd.  Nat., 
Anil,  1831,  i>.449. 
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Secondary  rocks  tcAy  more  contoHdaleil. — One  of  the  poinB 
where  the  analogy  between  the  secondary  and  tertiary  forma- 
tions has  been  supposed  to  fail  is  the  greater  degree  of  soliditjr 
observable  in  the  former.  Undoubtedly  the  older  rocks,  ia 
general,  are  more  stony  tlian  the  newer ;  and  most  of  the  ter- 
tiary strata  are  more  loose  and  incoherent  in  iheir  texture  tban 
the  secondary.  Many  exceptions,  however,  may  be  poictetl 
out,  especially  in  those  calcai'eous  and  siliceous  deposits  which 
have  been  precipitated  in  great  part  from  the  waters  of  minend 
springs,  and  have  been  originally  compact.  Of  this  description 
are  a  large  proportion  of  the  Parisian  Eocene  rocks,  which  are 
mora  stony  than  most  of  the  English  secondary  groups. 

But  a  great  number  of  strata  have  evidently  been  consoli- 
dated tubseijuenlly  to  their  deposition  by  a  slow  lapidifying 
process.  Thus  loose  sand  and  gravel  are  bound  together  by 
waters  holding  carbonate  and  oxide  of  iron,  carbonate  of  lime, 
silica,  and  other  ingredients,  in  solution.  These  waters  per- 
colate slowly  the  earth's  crust  in  different  regions,  and  often 
remove  gradually  the  component  elements  of  fossil  organie 
bodies,  substituting  other  substances  in  their  place.  It  seems, 
moreover,  that  the  draining  olT  of  the  waters  during  the 
elevation  of  land  may  often  cause  the  settimj  of  particular 
mixtures,  in  the  same  manner  as  mortar  hardens  when  desic- 
cated, or  as  the  recent  soft  marl  of  Lake  Superior  becomes 
highly  indurated  when  exposed  to  the  air*.  The  conver- 
sion of  clay  into  shale,  and  of  sand  into  sandstone,  may,  in 
many  cases,  be  attributed  to  simple  pressure,  produced  by  the 
weight  of  suiwrincumbent  strata,  or  by  the  upward  heaving 
of  subjacent  masses  during  earthquakes.  Heat  is  another 
cause  of  a  more  compact  and  crystalline  texture,  which  will 
be  considered  when  wc  speak  of  the  strata  termed  '  primary.* 
All  the  changes  produced  by  these  various  means  require  time 
their  completion  ;  and  this  may  explain,  in  a  satisfactory 
manner,  why  the  older  rocks  are  most  consolidated,  without 


•  Vol  i.p,  22G,  anU  Second  Edition,  p.2S9, 
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ig  U8  to  resort  to  any  hypothesis  respecting  an  original 
neas  in  the  degree  of  lapidification  of  the  secondary 

^  -  Secondary  rocks  why  more  dufurbed.-^— As  the  older  forma- 
are  generally  more  stony,  so  also  they  are  more  fractured^ 
t,  elevated^  and  displaced,  than  the  newer.  Are  we^  then, 
infer,  with  some  geologists,  that  the  disturbing  forces  were 
energetic  in  remoter  ages  ?  No  conclusion  can  be  more 
^aisound ;  for  as  the  moving  power  acts  from  below,  the  newer 
Mnta  cannot  be  deranged  without  the  subjacent  rocks  par- 
ticipating in  the  movement ;  while  we  have  evidence  that  the 
older  have  been  frequently  shattered,  raised,  and  depressed, 
again  and  again,  before  the  newer  rocks  were  formed.  It  is 
evident  that  if  the  disturbing  power  of  the  subterranean  causes 
be  exerted  niith  uniform  intensity  in  each  succeeding  period, 
the  quantity  of  convulsion  undergone  by  different  groups  of 
strata  will  generally  be  great  in  proportion  to  their  antiquity. 
But  exceptions  will  occur,  owing  to  the  partial  operation  of  the 
volcanic  forces  at  particular  periods,  so  that  we  sometimes  find 
tertiary  strata  more  elevated  and  disturbed,  in  particular  coun- 
tries^ than  are  the  secondary  rocks  in  others. 

Some  of  the  enormous  faults  and  complicated  dislocations  of 
tbe  ancient  strata  may  probably  have  arisen  from  the  continued 
repetition  of  earthquakes  in  the  same  place,  and  sometimes  from 
two  distinct  series  of  convulsions,  which  have  forced  the  same 
masses  in  different,  and  even  opposite  directions,  sometimes  by 
vertical,  at  others  by  horizontal  movements. 

Secondary  volcanic  rocks  of  different  ages. — The  association 
of  volcanic  rocks  with  different  secondary  strata  is  such  as  to 
prove,  that  there  were  igneous  eruptions  at  many  distinct 
periods,  as  also  that  they  were  confined  during  each  epochs  as 
now,  to  limited  areas.  Thus,  for  example,  igneous  rocks  con- 
temporaneous with  the  carboniferous  strata  abound  in  some 
countries,  but  are  wanting  in  others.  So  it  is  evident  that  the 
bottom  of  the  sea,  on  which  the  oolite  and  its  contemporary 
deposits  were  thrown  down,  was,  for  the  most  part,  free  from 
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submarine  eruptions ;  but  at  some  points^  as  in  the  Hebriiks, 
it  seems  that  the  same  ocean  was  the  theatre  of  volcanic  action. 
We  have  mentioned  in  the  first  volume  *,  that  as  the  andeDt 
eruptions  occurred  in  succession^  sufficient  time  usually  inter- 
vening between  them  to  allow  of  the  accumulation  of  many 
subaqueous  strata,  so  also  should  we  infer  that  subterranean 
movements,  which  are  another  portion  of  the  volcanic  pbeno- 
mena>  occurred  separately  and  in  succession. 

*  Chap.  T.  p.  88 ;  and  Second  Kdition,  p.  100. 
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RELATIVE  ANTIQUITY  OP  MOUNTAIN-CHAIXS. 

That  the  different  parts  of  our  continents  have  been  elevatedj 
in  succession,  to  their  present  height  above  the  level  of  ihe  sen, 
is  an  opinion  which  has  been  gradually  gaining  gronnd  with 
the  progress  of  science ;  but  no  one  before  M.  Elie  de  Beau- 
mont had  the  merit  even  of  attempting  to  collect  together  the 
recorded  facts  which  bear  on  this  subject,  and  to  reduce  them 
!  systematic  whole.  The  above-mentioned  geologist  was 
eioinenlly  qualified  for  the  task,  as  one  who  had  laboured 
industriously  in  the  field  of  original  observation,  and  who 
combined  a.  considerable  knowledge  of  facts  with  an  ardent 
lave  of  generalization. 

But  he  has  been  ambitious,  we  think  unfortunately,  of 
anticipadng  the  march  of  discovery  in  reference  to  the  compa- 
rative antiquity  of  different  mountain-chains  and  their  sup- 
posed  connexion  with  changes  in  the  animate  world.  His 
speculations  differ  entirely  from  the  conclusions  to  which  we 
have  arrived,  and  we  therefore  ihink  it  necessary  to  explain 
fully  the  reasons  of  our  dissent.  In  order  to  put  the  reader  in 
possession  of  the  principal  points  of  M.  de  Beaumont's  theory. 
we  shall  first  offer  a  brief  sketch  of  them,  and  then  proceed 
to  analyze  the  data  on  which  they  arc  founded. 
Vol.  111.  Z 
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Theory  nf  M.  Elie  de  Beaumont. 

1st.  He  supposes  '  that  in  ihe  liistory  of  the  earth  there 
have  been  long  periods  of  comparative  repose,  during  which 
the  deposition  of  sedimentary  matter  has  gone  on  in  regular 
continuity,  and  there  have  also  been  short  periods  of  parrays- 
mal  violence  during  which  that  continuity  was  broken. 

'2ndly,  At  eachof  these  periods  of  violence  or  "revolution" 
in  the  state  of  the  earth's  surface,  a  great  number  of  mountain- 
chains  have  been  formed  suddenly. 

*  3rd)y.  All  the  chains  thrown  up  by  a  particular  revolutioa 
have  one  uniform  direction,  being  parallel  to  each  other  within 
a  few  degrees  of  tiie  compass,  even  when  situated  In  remote 
regions ;  but  the  chains  thrown  up  at  different  periods  bavE^ 
for  the  most  part,  different  directions. 

'4thly.  Each  "  revolution,"  or,  as  it  is  sometimes  termed, 
"frightful  convulsion,"  has  coincided  in  date  with  another  geo- 
logicitl  phenomenon,  namely,  "  the  passage  from  one  indepen-* 
dent  sedimentary  formation  to  another,"  characterized  by  t 
considerable  diffeience  in  "  organic  types." 

*  5thty.  Tiicre  has  been  a  recurrence  of  these  paroxysmal 
movements  from  tiie  remotest  geological  periods,  and  they  may 
BtiU  be  reproduced,  and  the  repose  in  which  we  live  may  here- 
after be  broken  by  the  sudden  upthrow  of  another  system  of 
parallel  chains  of  mountains. 

'  6thiy.  We  may  presume  that  one  of  these  revolutions  hu 
occurred  within  the  historical  era  when  the  Andes  were  up- 
heaved to  llieir  present  height,  for  that  chain  is  the  best  defined 
and  least  obliterated  feature  observable  iu  the  present  exteriot 
configuration  of  the  globe,  and  was  probably  the  last  elevated. 

'  7thly.  The  instantaneous  upheaving  of  great   mountaiii 

masses  must  cause  a  violent  agitation  in  the  waters  of  the  sea, 

and  the  rise  of  the  Andes  may,  perliaps,  have  produced  that 

transient  deluge  wliich  is  noticed  among  the  traditions  of  u 

k  many  nations. 

'  Lastly.  The  successive  revolutions  above  mentioned  cannot 
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fc  referred  to  ordinary  volcanic  forces,  but  may  depend  on  the 
Bcular  refrigeration  of  the  heated  interior  of  our  planet*.' 

It  will  at  once  be  seen,  that  the  greater  number  of  the  above 
^positions  are  directly  opposed  to  that  theory  which  we  have 

ideavoured  to  deduce,  partly  from  the  study  of  the  earth's 

ructure,  and  partly  from  the  analogy  of  changes  now  in  pro- 

cssin  the  animate  and  inanimate  world. 

Our  opinions  respecting  the  alternation  of  periods  of  general 
H^xise  and  disorder  have  been  explained  in  former  chapters  f  ; 
nd  we  have  ]xiinled  out  our  objections  to  the  hypothesis 
kbich  substitutes  paroxysmal  violence  for  ihe  reiterated  recur- 
Itoce  of  minor  convulsions  J. 
'   The  speculadon  of  M.  dc  Deaumont  concerning  the  *  secular 

'rigeration'  of  the  internal  nucleus  of  the  globe,  considered  as 
icause  of  the  instantaneous  rise  of  mountain-chains,  appears  to 
ha  mysterious  in  the  extreme,  and  not  founded  upon  any  in- 
Buction  from  facts;  whereas  the  intermittent  action  of  sub- 
Itoraneon  volcanic  heat  is  a  known  cause  capable  of  giving  rise 
to  the  elevation  and  subsidence  of  the  earth's  crust  without 
falterniption  to  the  ijeneral  repose  of  the  habitable  surface. 
We  have  shown,  in  the  second  volume, -that  we  believe  the 
in  physical  geography,  which  are  unceasingly  in  pro- 
to  be  among  the  causes  which  contribute,  in  the  course 
"bf  ages,  to  the  exlcrraination  of  certain  species  of  animals  and 
plants;  but  the  influence  of  these  causes  is  slow  and,  for  the 
most  part,  indirect,  and  has  no  analogy  with  those  sudden 
tatastrophcs  which  are  introduced  into  the  theory  now  under 
PBview.  What  have  appeared  to  us  to  be  the  true  causes  of 
Ik  abrupt  transitions  from  one  set  of  strata  to  another,  con- 
Ifeining  distinct  organic  remains,  have  been  explained  at  length 
■  the  third  and  fourth  chapters  of  this  volume  ^. 

•  Ana.  (Ibi  Sei.  N«t..  Scplembrc,  Noierabr*,  et  Dicembre,  1829.    Itevao 

mtufiim,  No.  iS,  May,  1830.    Tlie  lul  vunioa  by  M.  de  B.  whicb  I  Imiu 

IB  !*  iD  the  Phil.  Mag.  and  Annals,  No.  bS,  new  leriea,  p.  2-11. 

f  Vol.  i.  Fp- 64  and  aa,  and  Svcunil  Kilitloit,  pp.  73  mill   lUO;  vul.  ii.  p.  106, 

a  Si'coiiil  Kdllion,  p.  303. 

X  Vol.  i.  p.  79,  uuil  Secoail  Editioo,  p.  90. 

I  8e«  pBiticultrW  from  y.  2C  to  p.  3J. 
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The  notion  of  deluges  accompanying  the  protrusion  of 
mountain-chains  is  founded  on  a  belief  of  the  instantaneoueneM 
of  the  movement  which  we  are  prepared  to  controvert,  and  on 
other  assumptions  which  we  liave  discussed  in  a  former  part  ol 
Ihis  volume  *.  On  these  topics,  therefore,  it  will  be  unnece*- 
sary  for  us  to  dilate  at  present,  and  we  shall  merely  addresi 
ourselves  to  the  analysis  of  that  evidence  whereby  M.  de  Beau- 
mont endeavours  to  establish  the  successive  elevation  of  differ, 
ent  mountain-chains,  and  the  supposed  law  of  parallelism  io 
the  lines  of  contemporaneous  elevation. 

M.  de  Beaumonl's  proofs  fhat  different  chains  were  raised  at 
different  epochs, — '  We  observe,'  says  M,  Elie  de  Beaumont, 
*  along  nearly  all  m on n tain-chains,  when  we  attentively  exainiae 
them,  that  the  most  recent  rocks  extend  horizontally  up  to  the 
foot  of  such  chains,  as  wc  should  expect  would  be  the  case  if 
they  were  deposited  in  seas  or  lakes  of  which  these  mountains 
have  partly  formed  the  shores ;  whilst  the  other  sodimeolary 
beds  tilted  up,  and  more  or  less  contorted  on  the  flanks  of  Uic 
mountains,  rise  in  certain  points  even  to  their  highest  crests  f-' 
There  are,  therefore,  in  each  chain  two  classes  of  sedimentai^^ 
rocks,  the  ancient  oy  inclined  beds,  and  the  newer  or  horizonl.'il. 
It  is  evident  that  the  first  appearance  of  the  chain  itself  was  an 
event  '  intermediate  between  the  period  when  the  beds,  now 
upraised,  were  depositetl,  and  that  when  the  strata  were  pro- 
duced horizontally  at  its  feet.' 


Thus  the  chain  A  received  its  present  form  after  the  depo- 
sition of  the  strata  6,  which  have  undergone  great  movements, 
and  before  the  deposition  of  the  group  c,  in  which  the  slraU 
have  not  suffered  derangement. 


•  SccaboTO,  p.  149. 
t  I'hil,  Mng.  and  Annals,  No.  D8,  iici 


leties,  p.  242. 
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^^^  If  we  then  discover  another  chsin,  B,  in  which  we  find  not 
^j[Mr  the  formation  b,  but  the  group  c  also,  disturbed  and 

J«*^  jj  No.  83. 


i::^ 


ftfown  on  its  edges,  we  may  infer  that  the  latter  chain  is  of 
^^  IkbAquent  date  to  A ;  for  B  was  elevated  after  the  deposition 
€t  €,  and  before  that  of  the  group  d ;  whereas  A  originated 
^:  h^bre  the  strata  c  were  formed. 

'^  - .  In  order  to  ascertain  whether  other  mountmn  ranges  are  of 
'  eoDtemporaneous  date  with  A  and  B,  or  whether  they  are 
'  teferrible  to  distinct  periods,  we  have  only  to  inquire  whether 
'  the  geological  phenomena  are  identical,  namely,  whether  the 
^  inclined  and  undisturbed  sets  of  strata  correspond  to  those  in 
the  types  above  mentioned. 

Objections  to  M.  de  BeaumonVs  theory. — Now  all  this  rea- 
soning is  perfectly  correct,  so  long  as  the  particular  groups  of 
strata  b  and  c  are  not  confounded  with  the  geological  periods 
to  which  they  may  belong,  and  provided  due  latitude  is  given 
to  the  term  contemporaneous  ;  for  it  should  be  understood  to 
aUude  not  to  a  moment  of  time,  but  to  the  interval,  whether 
brief  or  protracted,  which  has  elapsed  between  two  events, 
namely,  between  the  accumulation  of  the  inclined  and  that  of 
the  horizontal  strata. 

But,  unfortunately,  the  distinct  import  of  the  terms  *  for- 
mation *  and  ^  period '  has  been  overlooked,  or  not  attended  to 
by  M.  de  Beaumont,  and  hence  the  greater  part  of  his  proofs 
are  equivocal,  and  his  inferences  uncertain;  and  even  if  no 
errors  had  arisen  from  this  source,  the  length  of  some  of  his 
intervals  is  so  immense,  that  to  affirm  that  all  the  chains  raised 
in  such  intervals  were  contemporaneous^  is  an  abuse  of  language. 
In  order  to  illustrate  our  argument,  let  us  select  the* 
Pyrenees  as  an  example.  This  range  of  mountains,  says  M. 
de  Beaumont,  rose  suddenly  (4  un  seul  jet)  to  its  present 
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elevation  at  a  certain  epoch  in  the  earth's  history,  namely, 
between  the  deposition  of  the  chalk  and  that  of  ihe  tertiary 
formations ;  for  the  former  are  seen  in  vertical,  curved,  and 
distorted  beds  on  the  flanks  of  the  chain,  while  the  latter  rest 
upon  tliem  in  horizontal  strata  at  its  base. 

The  only  proof  offered  of  the  extreme  suddenness  of  the 
convulsion  is  the  shortness  of  the  time  which  interreaed 
between  the  formation  of  the  chalk  and  thai  of  the  tertiary 
strata.  '  For  it  follows,'  wc  are  told, '  from  the  iin conformable 
position  of  two  systems  of  beds,  the  inclined  and  the  horizontal, 
that  the  elevation  of  the  former  has  not  been  effected  in  a 
continuous  and  progressive  manner,  but  that  it  has  been  pro- 
duced in  a  space  of  time  comprised  between  the  periods  of 
deposition  of  the  two  consecutive  rocks,  and  during  which  no 
regular  series  of  beds  was  formed ;  in  a  ward,  that  it  was  sudden 
and  of  short  duration  *.' 

We  are  prepared  to  show  that  the  Pyrenees  cannot  be 
assumed  to  have  risen,  as  M.  de  Beaumont  imagines,  in  the  in- 
terval between  the  period  of  the  chalk  and  that  of  the  tertiary 
strata ;  for  we  can  only  say  that  the  movement  took  place  after 
the  commencement  of  the  chalk  epoch,  and  before  the  close 
of  the  Miocene  tertiary  period.  But,  first,  let  us  suppose  tbe 
premises  of  our  author  to  be  correct,  and  let  iis  permit  him  la 
exclude  the  whole  period  of  the  chalk,  on  one  hand,  and  of  die 
tertiary  formations  in  contact  with  it  on  the  other ;  what  will 
then  be  the  duration  of  the  interval?  We  can  only  estimate 
its  importance  by  ascertaining  what  description  of  chalk  is 
found  on  the  flanks  of  the  Pyrenees,  and  what  horizontal  ter- 
tiary formations  at  their  base. 

Now  the  beds  called  chalk,  although  they  differ  widely  in 
mineral  composition  from  the  while  chalk  with  flints  of 
England  and  France,  contain  the  same  species  of  fossil  shells, 
and  may,  therefore,  on  that  evidence,  be  referred  to  the  same 
age  f .    On  the  other  hand,  the  horizontal  tertiary  strata  at  the 

*  Ptul.  Mag.  and  Aiituili,  No.  SS,  new  tents,  p.  243. 

t  Tha  rgsDli  which  I  coUeeted  in  compuij  wilh  Coirtain  S.  E.  Cooij  B.  N,, 
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^^  Igmtacn  end  of  the  Pyrenees,  near  Bayonne,  are  certainly  of 
^^  dMi  Miocene  period. 

^      Such,  then,  being  the  age  of  the  strata,  and  granting  even 

'^  ipMit  the  movement  occurred  after   the  period  of  the  white 

dudky  and  before  the  beginning  of  the  Miocene  era,  there  still 

'^  Vmains  ample  scope  for  conjecture  as  to  the  date  of  the  event. 

•^  IT'or  the  upheaving  of  the  Pyrenees  may  have  been  going  on 

'^^'  when  the  animals  of  the  Maestricht  beds  flourished,  or  during 

3'  the  indefinite  ages  which  may  have  elapsed  between  their  ex- 

^    tinction  and  the  introduction  of  the  Eocene  tribes^  or  during 

'    the  Eocene  epoch,  or  between  that  and  the  Miocene.    Or  the 

rise  may  have  been  going  on  continuously  tliroughout  several 

car  all  of  these  periods. 

But  this  is  not  all ;  we  must  include  within  the  possible  space 
of  time  wherein  the  convulsions  may  have  happened^  part  of  the 
qiochs  both  of  the  chalk  and  of  the  Miocene  species.  We  have 
■tated^  that  the  newer  Pliocene  beds  in  Sicily  have  been  raised 
daring  the  newer  Pliocene  epoch,  partly,  perhaps,  in  the 
Beoent,  but  this  latter  supposition  will  lend  equal  support  to 
our  present  argument.  Now,  it  is  evident  that  the  greater  part 
of  the  species  of  testaoea  which  pre-exbted  in  the  Mediterranean 
have  survived  the  elevation  of  the  newer  Pliocene  beds  in 
Sicily,  and  in  the  same  manner  there  is  no  reason  to  conclude 
that  the  rise  of  the  chalk  in  the  Pyrenees  exterminated  the 
animals  which  lived  in  the  sea  wherein  the  chalk  was  formed. 
In  that  case,  a  series  of  convulsions  may  not  only  have  begun, 
but  may  even  have  been  completed  before  the  era  when  the 
Maestricht  beds  originated. 

In  like  manner  the  sea  may  have  been  inhabited  by  Miocene 
testacea  for  ages  before  the  deposition  of  those  particular 
Miocene  strata  which  occur  at  the  foot  of  the  Pyrenees,  and 
the  disturbing  forces  may  have  operated  in  the  Miocene  period, 

from  the  neweit  geeondary  beds  on  the  flanks  of  the  Pyicneef ,  near  Bayonne,  were 
^aminAil  by  M.  Deshayes,  and  found  identical  with  spedes  of  the  chalk  near 

Ptois. 
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notwithstanding  the  horizcintality  of  the   tertiary  forraalions 
of  ihat  age. 

In  order  to  illustrate  the  grave  objections  above  advanced, 
which  are  aimed  at  the  validity  of  the  whole  of  de  Beaumont's 
reasoning,  let  the  reader  suppose,  that  in  some  country  three 
fitylfs  of  architecture  had  prevailed  in  succession,  each  fgr  a 
period  of  1000  years ;  first  the  Greek,  then  the  Itoman,  and 
then  the  Gothic  ;  and  that  a  tremendous  earthquake  was  known 
to  have  occurred  in  the  same  district  during  some  jtart  of  the 
throe  periods, — a  shock  of  such  violence  as  to  have  levelled  to 
the  ground  every  building.  If  an  antiquary,  desirous  of  dis- 
covering the  date  of  the  catastrophe,  should  first  arrive  at  a 
city  where  several  Greek  temples  were  lying  in  ruins  and  half 
engulphed  in  the  earth,  while  many  Gothic  edifices  were 
standing  uninjured,  could  he  determine  on  these  data  the  era 
of  the  shock  ?  Certainly  not.  He  could  merely  affirm  that 
it  happened  at  some  period  after  the  introduction  of  tlie  Greek 
style,  and  before  the  Gothic  had  fallen  into  disuse.  Should  he 
pretend  to  define  the  date  of  the  convulsion  with  greater  pre- 
cision, and  decide  that  the  earthquake  must  have  occurred  in 
the  interval  between  the  Greek  and  Gothic  periods,  that  is  to 
say,  when  the  Roman  style  was  in  use,  the  fallacy  in  his  reason- 
ing would  be  too  palpable  to  escape  detection  for  a  moment. 

Yet  such  is  the  nature  of  the  erroneous  induction  which  we 
arc  now  exposing.  For,  in  the  example  above  proposed,  the 
erection  of  a  particular  edifice  is  not  more  distinct  from  the 
period  of  architecture  in  which  it  may  have  been  raised,  than  is 
thedepositionof  chalk,  or  any  other  setofstrata,  from  the  geolo- 
gical epoch  to  which  they  may  belong.  Vet,  if  on  these  grounds 
we  are  compelled  to  include  in  the  interval  in  which  the  ele- 
vation of  each  chain  may  have  happened,  the  periods  of  those 
two  classes  of  formations  before  alluded  to,  the  deranged  and 
the  horizontal,  it  follows  that,  even  if  all  the  facts  appealed  to 
by  de  Beaumont  are  correct,  his  intervals  are  of  indefinite 
extent.     He  is  not  even  warranted  in  asserting  that  tlie  chain 
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Cp.  340)  is  older  ihan  B  (p.  341),  if  he  means  that  it  was 
Lied  at  a  diffVrenl  geolo'jical  period,  for  botii  may  have  been 
leaved  during  ihe  same  period,  namely,  that  when  the  strata 
were  fornied. 

Supposed  parcUleliam  of  contemporaneous  tines  of  elevation. — 
fBo.  also,  when  he  infers  that  two  chains  were  simultaneously 
Upraised,  the  proof  fails,  since  the  close  of  the  period  of  the 
disturbed  strata  and  the  commencement  of  the  era  of  the  im- 
disturbed  must  be  added  to  the  lapse  of  time  during  which  the 
two  chains  may  have  originated,  and  in  separate  parts  of  which 
each  may  have  been  produced.  With  the  insufficiency  of  the 
above  evidence  the  whole  force  of  the  argument  in  support 
of  the  parallelism  of  lines  of  contemporaneous  movement  is 
annihilated. 

This  hypothesis,  indeed,  of  parallelism  appears,  even  as 
statetl  by  the  author,  in  some  degree  at  variance  with  itself. 
When  certain  European  chains  had  been  assumed  to  have  been 
raised  at  the  same  time  on  the  data  already  impugned,  it  was 
found  that  several  of  these  contemporaneous  chains  had  a 
parallel  direction.  Hence  it  was  presumed  to  be  a  general  law 
in  geological  dynamics  that  the  chains  upheaved  at  the  same 
time  are  parallel.  For  example,  it  was  said  that  the  Pyrenees 
and  other  coetaueous  chains,  sucli  as  the  northern  Apennines, 
have  a  direction  about  W.  N.  W.  and  E.  S.  E.,  and  to  this  hne 
the  Alleghanies  in  North  America  conform,  as  also  the  ghauts 
of  Malabar,  antl  certain  chains  in  Egypt,  Syria,  northern 
Africa,  and  other  countries;  and  from  this  mere  conformity  in 
direction  it  was  presumed  that  all  these  mountain-ranges  were 
thrown  up  simultaneously.  i 

To  select  another  example,  the  principal  chain  of  the  Alps,  m 
difiering  in  age  and  direction  from  the  Pyrenees,  is  parallel  to  ■ 
the  Sierra  Morena,  the  Balkan,  the  chain  of  Mount  Atlas,  the 
central  chain  of  the  Caucasus,  and  the  Himalaya.  All  these 
ridges,  therefore,  were  probably  heaved  up  by  the  Siime  pai-oxys- 
mal  convulsion  !  The  western  Alps,  on  the  other  hand,  rose  at 
,     a  still  earlier  period,  when  the  parallel  chains  of  Kiol,  in  Scan- 

L ■■ 
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dinavia,  certain  chains  in  Morocco,  and  the  littoral  ConWlera 
of  Brazil,  were  formed  ! 

Not  only  do  these  speculations  refer  to  mauntains  never 
touched,  as  M.  BouJ  remarks,  by  the  hammer  of  the  geologist, 
but  they  pi-oceed  on  the  supposition,  diat  in  these  distant  chains 
ihq  geological  and  geographical  axes  always  coincide.  Now 
we  know  that  in  Europe  the  strike  *  of  the  beds  is  not  alwajs 
parallel  to  the  direction  of  the  chain.  As  an  exception,  we  may 
instance  that  pointed  out  by  Von  Dechen  f ,  who  states  that  in 
the  Hartz  the  direction  or  strike  of  the  strata  of  slate  and  grey- 
wacke  is  sometimes  from  £.  and  W.  and  frequently  N.  E.awl 
S.  W.;  whereas  the  geographical  direction  of  the  mountaJQ- 
chain  is  decidedly  from  E.  S.  E.  to  W,  N.  W. 

In  addition  to  these  uncertiunties,  which  should,  in  the 
present  state  of  science,  have  deterred  a  geologist  even  from 
specidating  on  the  phenomena  of  unexplored  regions,  the  im- 
portant admission  is  made  by  M-  de  Beaumont  himself,  tliat  the 
elevating  forces,  whose  activity  must  be  referred  to  different 
epochs,  have  sometimes  acted  in  Europe  in  parallel  hues.  '  It 
is  worthy  of  remark,  says  that  author,  that  the  directions  of 
three  systems  of  mountains,  namely,  first,  that  of  the  Pilas  and 
the  Cote  d'Orj  secondly,  that  of  the  Pyrenees;  and  thirdly, 
that  of  the  islands  of  Corsica  and  Sardinia,  are  respectively 
{uraltel  to  three  other  systems,  namely,  first,  that  of  West- 
moreland and  the  Hunsdruck,  secondly,  that  of  the  Balloas 
(or  Vosges)  and  the  hills  of  the  Bocage,  in  Calvados;  and 
thirdly,  tiie  system  of  the  north  of  England.  The  corre- 
sponding directions  only  differ  in  a  few  dtgrces,  and  the  two 
scries  have  succeeded  each  other  in  tlie  same  order,  leading  to 
the  supposition,  that   there  has   been   a    kind  of  periodical 

•  The  term  ■  itrike '  has  bMU  leceolly  adopted  by  some  of  our  mMt  enuMiit 
gaologistH  from  the  Germnn  '  struich,'  to  sijjniry  what  our  miners  call  (ha  '  lineol 
bearing "  of  the  strata.  Such  a  term  was  much  wanted,  and  as  wo  oflen  tnak  vt 
Urii-Hg  off  ID  a  given  direction,  the  eirrroBBion  seems  siifliciantly  coosUtant  with 
analogy  iu  oui  taD|{uaf^. 

t  Trans,  of  De  111  Beche*  Geol.  Manual,  p.  41. 
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rrence  of  the  same,  or  nearly  the  same,  directions  of 


ion 

then  we  have  three  systems  of  mountidns,  A,  B^  C, 

^Ai<^  were  formed  at  successive  epochs,  and  have  each  a  dif- 

fcrant  direction ;  and  we  have  three  other  systems,  D^  £,  F^ 

>  ^luch^  although  they  are  assumed  to  have  the  same  strike,  as  the 

u  MtieB  first  mentioned  (D  corresponding  with  A,  £  with  B,  and 

%  F  with  C),  are  nevertheless  declared  to  have  been  formed  at 

■i  ffifierent  periods.    On  what  principle^  then^  is  the  age  of  an 

r  Indian  or  transatlantic  chain  referred  to  one  of  these  European 

lines  rather  than  another?  why  is  the  age  of  the  AUcghanies,  or 

the  ghauts  of  Malabar^  determined  by  their  parallelism  to  B 

rather  than  to  E,  to  the  Pyrenees  rather  than  to  the  Ballons  of 

theVosges? 

The  substance  of  the  last  objection  has  been  anticipated 
by  M.  Bou^t,  who,  at  the  same  time,  disputes  the  accuracy  of 
many  of  the  facts  appealed  to  by  M.  de  Beaumont.  Other 
errors  in  fact  have  also  been  pointed  out  by  MM.  Keferstein^ 
Von  Dechen^  and  De  la  Beche^.  But  the  incorrectness  of  some 
of  these  data  might  not  have  affected  the  validity  of  the  gene- 
ral theory  if  it  had  been  founded  on  a  solid  basis.  In  r^ard 
to  the  Alps,  MM.  Necker  and  Studer  have  informed  me,  that 
on  re-examining  that  chain  since  de  BeaumonOs  memoirs  were 
published,  they  have  been  unable  to  reconcile  the  phenomena 
there  exhibited  with  his  views  relating  to  the  strike  and  dip  of 
that  great  chain. 

Professor  Sedgwick  has  declared  his  adhesion  to  the  opinions 
of  de  Beaumont ;  but  we  are  not  aware  that  he  had  maturely 
orasidered  them  in  all  their  bearings ;  and  he  has  stated  some 
important  objections  to  the  doctrine  of  *  parallelism  §.'  Among 
others,  he  has  remarked,  that  in  consequence  of  the  spheroidal 
figure  of  the  earth,  different  mountain-chains,  running  north  and 


*  Fhil.  Mag.  and  Annals,  No.  58,  new  aeries,  pp.  255, 259. 

f  Journ.  de  GMologie,  tome  iii  p.  338. 

I  Geol.  Mannal,  p.  501,  and  Second  Edition,  p.  519. 

(  Annir.  Addren  to  th«  GeoL  Soe.,  Feb.,  1831. 
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south,  cannot  bo  strictly  said  lo  be  parallel,  since  tlioy  wouW, 
if  prolonged,  cross  each  other  at  the  poles. 

Objccttana  of  Mr.  Cnnybeare. — An  inquiry  was  proposed,  in 
1831,  by  the  British  Association  for  the  Promotion  of  Science, 
•  whether  the  theory  of  M.  Elie  de  Beaumont,  concerning  the 
parallelism  of  lines  of  elevation  of  the  same  geological  era,  is 
agreeable  to  the  phenomena  as  exhibited  in  Great  Britain?' 
Mr.  Conybcare,  in  the  first  part  of  his  report,  in  answer  to  tliis 
inquiry  *,  points  out  many  lines  of  disdnct  ages  in  England 
which  are  exactly  parallel,  and  others  which,  according  to  tlie 
rules  laid  down  by  M.  de  Beaumont,  ought  to  agree  in  age  vdih 
certain  continental  chains,  and  yet  do  not,  having  an  entirely 
different  direction.  He  imagines  that  the  general  strike  of  the 
secondary  strata  of  our  island,  from  N.  E.  to  S.  W„  has  been 
the  result,  not  of  any  violent  or  single  convulsion,  but,  on  the 
contrary,  of '  a  gradual,  gentle,  and  protracted  upheaving,  con- 
tinued without  interruption  during  the  whole  period  of  the 
formation  of  all  these  strala.' 

The  same  author  has  also  adverted  to  some  of  the  difficulties 
attending  the  exact  determination  of  the  geological  epochs  of 
the  elevation  of  each  chain,  especially  where  the  disturbed  and 
undisturbed  strata  in  contact  are  not  very  nearly  of  the  same 
age,  or,  as  he  expresses  it,  '  where  they  are  not  terms  imme- 
diately following  one  another  in  the  regular  geological  series  f-' 
We  were  forcibly  struck  with  the  uncertainty  arising  from  this 
cause  during  a  late  tour,  when  we  discovered  that  at  the  eastern 
end  of  the  Pyrenees,  on  the  side  of  France,  tertiary  strata  of  the 
older  Pliocene  epoch  abut  against  vertical  mica-schist ;  while 
at  the  western  extremity  of  the  same  mountain-rangewe  find  the 
disturbed  series  to  consist  of  chalk,  the  undisturbed  of  Miocene 
strata.  The  chain  is  then  lost  in  the  sea,  and  we  are  precluded 
from  pushing  our  investigations  farther  to  the  westward ;  but 


•  Phil.  Ma^.  sad  Joiiro.  of  Scl,  No.  2,  third  nvrici,  [>.  I  IS.     Thu  second  \«it, 
!I  believe,  ii  not  yet  publUhud. 
t  Ibid.,  l<,  12D. 
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if  we  cnuld  follow  tlic  strike  of  the  beds  in  their  submarine  pro- 
longitiion,  who  shall  say  that  the  titled  group  might  not  be 
found  to  include  strata  newer  than  the  chalk,  the  horizontal 
l>cds  older  than  tlie  Miocene  ? 

Supposed  instanfatieous  rise  of  a  mountain-chain. — '  Every- 
thing shows,  says  M.  £Iie  de  Benuniont,  that  the  instantaneous 
elevation  of  the  beds  of  a  whole  mountain -chain  is  an  event  of 
a  different  order  from  those  which  we  daily  witness  *,' 

We  observe  with  pleasure  the  rejection,  by  Mr.  Conybeare, 
of  the  hypothesis  that  the  disturbances  affecting  large  geogra- 
phical districts  have  been  produced  at  one  t/oiti,  rather  than  by 
a  series  of  shocks  which  may  have  occurred  at  intervals  through 
S  long  period  of  ages,  and  that  he  contends  for  the  greater 
probability  of  successive  convulsions,  on  the  ground  that  such 
an  hypothesis  is  most  conformable  to  the  only  analogy  pre- 
sented by  actual  causes — '  the  operations  of  volcanic  forces  f .' 

Modem  volcanic  lines  not  parallel. — By  that  analogy  we  are 
led  to  suppose  that  the  lines  of  convulsion,  at  former  epochs, 
were  far  from  being  uniform  in  direction,  for  ihc  trains  of 
active  volcanos  arc  not  parallel,  as  every  one  is  aware  who  has 
studied  Von  Biich's  masterly  suney  of  the  general  range  of 
volcanic  hues  over  the  globe  +,  and  the  elevations  and  subsi- 
dences caused  by  modern  earthquakes,  although  they  may 
sometimes  run  in  parallel  lines  within  limited  districts,  have  not 
been  observed  to  have  a  common  direction  in  distant  and  in- 
dependent theatres  of  volcanic  action. 

We  do  not  doubt  that  in  many  regions  the  ridges,  troughs, 
and  fissures  caused  by  modern  earthquakes,  are,  to  a  certain 
extent,  parallel  to  each  other,  but  only  within  a  limited  range 
of  country ;  and  such  appears  to  have  been  the  case  in  many 
districts  at  former  eras.  Tlie  anticlinal  hues  of  ihe  Weald 
Valley,  before  alluded  to,  and  of  the  Isle  of  Wight,  may,  in 
lliis  manner,  have  been  contemporaneous,  tiiat  is  to  say,  both 

•  Phil,  Mag.  nnil  Aimiils,  Nfl.  58,  oetr  seric*,  p.  243. 

»  iniil.  M«ff.  ami  J11.1TO.  .if  Sci,,  No.  2,  (hird  ut\n,  p.  Vll. 

X  PhytktL  Bwelb  iltt  Canuiicbea  JdhId.    Berlin,  lt)2 j. 
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may  have  been  formed  in  some  part  of  the  Eocene  period,^-an 
hypothesis  which  does  not  involve  the  theory  of  their  having 
been  due  to  paroxysmal  convulsions  during  one  part  of  that  vast 
period. 

It  should  be  observed,  that  as  some  trains  of  burning  vol- 
canos  are  parallel  to  each  other,  so  at  all  periods  some  inde- 
pendent lines  of  elevation  may  be  parallel  accidentally,  or  not 
in  obedience  to  any  known  law  of  parallelism ;  but,  on  the 
contrary,  as  exceptions  to  the  general  rule.  AVe  hope  that 
the  speculations  of  M.  de  Beaumont  will  be  useful  in  induciog 
geologists  to  inquire  how  far  the  uniformity  in  the  direclioa 
of  the  beds,  in  a  region  which  has  been  agitated  at  any  pard- 
cular  period,  may  extend  ;  but  we  trust  that  travellers  will  not 
be  led  away  with  the  idea  that,  on  arriving  in  India,  America, 
or  New  Holland,  they  have  only  to  use  the  compass  and 
examine  the  strike  of  the  beds  in  order  to  discover  the  rela- 
tive era  of  the  movement  by  which  they  were  upraised.  Such 
problems  can  in  truth  be  only  solved  by  a  patient  and  laborious 
investigation  of  the  sedimentary  formations  occurring  in  each 
region,  and  especially  by  the  study  of  their  organic  remains. 

Difficulties  atlendimj  the  determination  of  the  relative  aije  of 
mountains. — If  we  are  asked  whether  we  cherish  no  expec- 
tation of  fixing  a  chronological  succession  of  epochs  of  elevation 
of  different  mountain -chains,  we  reply,  that  in  the  present  state 
of  our  science  we  have  no  hope  of  making  more  than  a  loose 
approximation  to  such  a  result.  The  difficulty  depends  chiefly 
on  the  broken  and  interrupted  nature  of  the  series  of  sedimen- 
tary formations  hitherto  brought  to  light,  which  appears  so 
imperfect  that  we  can  rarely  be  sure  that  the  memorials  of  some 
great  interval  of  time  arc  not  wanting  between  two  groups  now 
classed  as  consecutive.  Another  great  source  of  ambiguily 
arises  from  the  small  progress  which  we  have  yet  made  in  idcn- 
.  tifying  strata  in  countries  somewhat  distant  from  each  other. 

There  may  be  instances  where  the  same  set  of  strata,  pre- 

'  serving  throughout  a  perfect  identity  of  mineral  character,  may 

be  traced  continuously  from  the  flanks  of  one  indepeudeut 
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itain-chain  to  the  base  of  another,  the  beds  being  vertical 

inclined  in  one  chain,  and  horizontal  in  the  other.     We 

It  then  decide  with  confidence,  according  to  the  method 

,  pn^posed  by  M.  de  Beaumont,  on  the  relative  eras  when  these 

riAtioB  had  undergone  disturbance;  and  from  one  point  thus 

i'^lMitely  established,  we  might  proceed  to  another,  until  we 

^  VtA  determined  the   dates  of  many  neighbouring  lines   of 

'  .MDVulsion. 

We  fear  that  the  cases  are  rare  where  such  evidence  can  be 
llbtaiiied ;  and,  for  the  most  part,  we  can  identify  the  age 
iof  strata,  not  by  their  continuity  and  homogeneous  mineral 
diaracter,  but  by  organic  remains.  When  by  their  aid  we 
prove  strata  to  be  contemporaneous,  we  must  generally  speak 
with  great  latitude,  merely  intending  that  they  were  deposited 
ill  the  same  geological  epoch  during  which  certain  animals  and 
plants  flourished. 


L 


CHAPTER  XXV. 

On  tlie  fdcLb  UBUully  termed  '  Primary  '— Tbeir  reklion  to  volcanic  uid  wdimrn- 
iary  fonnntioni — The  '  primary  '  class  diTuuble  into  tlraliSuil  anil  unilntified 
— Unstralified  rock»  called  Plulonic — Granite  veini— Their  vaiioui  fomi*  ud 
mineral  compOHtion — Prourii  of  their  i({neoiu  origin — Granites  of  the  nma 
character  produced  at  successive  eraa — Some  of  these  newer  than  ceiiuinfd*- 
siliferaus  strata — Difficulty  of  determining  the  agL'  of  pnrticulai  gnuiitts— 
Distinction  bctvreen  tho  volcanic  anil  Ihe  pUitunic  tacks — Trapp«iUi  rucks  nrt 
separable  from  Ihu  volcanic — Passage  from  trap  into  granite — Theory  of  Ibe 
origin  ofgratiile  at  every  period  rrom  the  earliest  to  tbe  most  recent. 

ON  THE  ROCKS  COMMONLY  CALLED  PKISLUIY. 

We  shall  now  treat  of  the  class  of  rocks  usually  termed  *  pri- 
mary,' a  name  which,  as  wc  shall  afterwards  show,  is  not  always 
applicable,  since  the  formations  so  designated  sometimes  belong 
to  different  epochs,  and  arc  not,  in  every  case,  more  ancient 
than  the  secondary  strata.  In  general,  however,  this  division 
of  rocks  may  justly  be  regarded  as  of  higher  antiquity  tlian 
the  oldest  secondary  groups  before  described,  and  they  may, 
tlierefore,  with  propriety  bo  spoken  of  in  these  concluding 
chapters,  for  we  have  hitherto  proceeded  in  our  retrospective 
survey  of  geological  monuments  from  the  newer  to  those  of 
more  ancient  dale. 

In  order  to  explain  to  the  reader  the  relation  which  we  con- 
ceive the  rocks  termed  'primary'  to  bear  to  the  tertiary  and 
secondary  formations,  wc  shall  resnme  that  general  view  of  the 
component  parts  of  the  earth's  crust  of  which  wc  gave  a  sliglil 
sketch  in  the  preliminary  division  of  our  subject  in  the 
2nd  chapter*. 

We  there  stated  that  sedimentary  formations,  containing 
remains,  occupy  a  large  part  of  the  surface  of  our  con- 
tinents, but  that  here  and  there  volcanic  rocks  occur,  breaking 
through,  alternating  with,  or  covering  the  sedimentary  dcposiia, 
*  See  above,  f.  8.  ■ 
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Btbat  there  are  obviously  two  orders  of  mineral  massea  formed 
I  the  surface  which  have  a  distinct  origin,  the  aqueous  and 
e  volcanic. 


a,  Formalions  calleil  primary  (itnlified  aud  umtratiSed). 
i,  Aqueous  funnalioiu.  c,  Volcaaic  locki. 

ides  these,  however,  there  is  another  class,  which  cannot 
ilated  precisely  to  either  of  llie  preceding,  and  which  is 
:n  underlying  the  sedimentary,  or  breaking  up  to  the 
n  the  central  pans  of  mountain-chains,  constituting 
le  of  the  highest  lands,  and,  at  the  same  time,  passing  down 
forming  the  inferior  parts  of  tlie  crust  of  the  earlh,     Tliia 
usually  termed  '  primary,'  is  divisible  into  two  groups,  the 
itified  and  the  unstratified.     The  stratified  consists  of  tiie 
:ks  called  gneiss,  mica-schist,  argillaceous- schist  (or  clay- 
■),  hornblende -schist,  primary  limestone,  and  some  others, 
le  unstratiHed,  or  Plutonic,  is  composed  in  great  measure  of 
mite,  and  rocks  closely  allied  to  granite.     Both  these  groups 
'gree  in  having,  for  the  most  part,  a  highly  cryslalhne  texture. 
Hid  in  not  containing  organic  remains. 

Plutonic  rocks. — The  unstratified  trystalling  rncks  have  been 
rery  commonly  called  Plutonic,  from  the  opinion  that  they 
Irere  formed  by  igneous  action  at  great  depths,  whereas  the 
Volcanic,  although  they  also  have   risen  up  from  below,    have 
(olcd  from  a  melted  state  upon  or  near  to  the  surface.     The 
leory  conveyed  by  the  name  Plutonic  is,  we  believe,  correct, 
■ranite,  porphyry,  and  other  rocks  of  the  same  family,  often  i 
x:ur  in  large  amorphous  masses,  from  which  small  veins  and  j 
ikes  are  sent  oft',  which   traverse  the  stratified  rocks  called  i 
Iprioiflry,'  precisely  in  the  manner  in  which  lava  is  seen  in  j 
iDie  places  to  penetrate  the  secondary  strata. 
Oranlle    Veins. — Wc   find   also   one   set  of  granite  veins 
itcrsecting  another,    and    granitiform  porphyries  intruding 
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tliemselvcG  into  granite,  in  a  roanner  analogous  to  that  oF  the 
volcanic  dikes  of  Etna  and  Vesuvius,  where  they  cut  and  shift 
each  other,  or  pass  through  alternating  beds  of  lava  and  tii£ 

No.  &i. 


The  annexed  diagram  will  explain  to  the  reader  the  manner 
in  which  these  granite  veins  often  branch  off  from  the  principal 
mass.  Those  on  the  right-hand  side,  and  in  the  middle,  are 
taken  from  Dr.  Maccnlloch's  representation  of  veins  pasang 
through  the  gneiss  at  Cape  Wrath,  in  Scotland  *.  The  veins 
on  the  left  are  described,  by  Captain  Basil  Hall,  as  tntverdog 
the  argillaceous  schist  of  the  Table- Mountain  at  the  Cape  of 
Good  Hopef . 


r 


We  subjoin  another  sketch  from  Dr  Macculloch  s  interesting 

•  W«riernIslflnili,pUte3I. 

t  Accouoi  of  the  itiuctoie  of  tfa«  Tsbl^Mountoin,  &c,,  Tnoa.  Rof ,  Soc  Eiliut 
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mUtions  of  the  granite    veins  in   Scotlund,   in   which 
the  contrast  of  colour  between  the  vein  and  some  of  the  dark 
rielies  of  hornblende-schist  associated  with  the  gneiss  renders 
rthe  phenomena  more  conspicuous. 

The  following  sketch  of  a  group  of  granite  veins  in  Cornwall 
I  given  by  Messieurs  Von  Oejnhausen  and  Von  Dechen*. 


ut^sS  Hi 


IThemain  bodyof  the  granite  here  is  ofaporphyri tic  appearance 
■with  large  crystals  of  felspar;  but  in  the  veins  it  is  fine-grained 
and  without  these  large  crystals.  The  general  height  of  the 
veins  is  from  16  lo  20  feet,  but  some  are  much  higher. 

The  vein-granite  of  Cornwall  very  generally  assumes  a  finer 
grain,  and  fi-eqiiently  undergoes  a  change  in  minernl  com- 
position, as  is  very  commonly  observed  in  other  countries- 
Thus,  according  to  Professor  Sedgwick,  the  main  body  of  the 
Cornishgranileisanaggregateofmica,  quartz,  and  felspar;  but 
the  veins  are  sometimes  without  mica,  being  a  granular  aggre- 
gate of  quartz  and  felspar.  In  other  varieties  quartz  prevails 
to  the  almost  entire  exclusion  both  of  felspar  and  mica;  in 
others,  the  mica  and  quartz  both  disappear,  and  the  vein  is 
simply  composed  of  white  granular  felsparf. 

Changes  are  sometimes  caused  in  ihe  intersected  strata  very 

■  Phil.  M>g.  nod  .\nDat«,  No.  37,  aov  Serin,  Muicb,  1S29. 
I  OnOwLof  Coimall,    Ttaof.  afCambriiJge  Soc.,  tqI.  i.  r- 1^ 
I  h.1 


3oG  JUNCTION  OF  GHANITE  AND  LIMESTONE.         [Ch.  XKV. 

analogous  to  those  which  the  contact  of  a.  fused  mass  might  be 
supposed  to  produce. 


The  above  diagram  from  a  sketch  of  Dr.  Macculloch,  re- 
presents the  junction  of  the  granite  of  Glcn  Tilt  in  Perih- 
shire,  with  a  mass  of  stratified  limestone  and  schist.  The 
granite,  in  this  localiiy,  often  sends  forth  so  many  veins  as 
to  reticulate  the  limestone  and  schist,  the  veins  diminishing 
towards  their  termination  to  the  thickness  of  a  leaf  of  paper  or 
a  thread.  In  some  places  fragments  of  granite  appear  entan- 
gled as  it  were  in  ihc  limestone,  and  are  not  visibly  connected 
with  any  larger  mass,  while  sometimes,  on  the  other  hand,  a 
lump  of  the  limestone  is  found  in  the  midst  of  the  granite. 
The  ordinary  colour  of  the  limestone  of  Glen  Tilt  is  lead  blue, 
and  its  texture  large  grained  and  highly  crystalline;  but  where 
itnpproximatcs  to  the  granite,  particularly  where  it  ispenetralcJ 
by  the  smaller  veins,  the  crystalline  texture  disappears,  and  il 
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assuines  an  appearance  exactly  rcseniltling  lliat  of  hoin-slono. 
,Xbe  associaled  argillaceous  scliist  often  pnsscs  into  liornblenclu 
Klale,  where  it  approaelies  very  near  to  llie  granite  *. 

la  tlie  plutonic,  as  in  the  volcanic  rocks,  there  is  every 
igradation  from  a  tortuous  vein  to  the  most  regular  form  of  a 
dike,  such  as  we  have  described  as  intersecting  the  tuffs  and 
lavas  of  Vesuvius  and  Etna.  In  these  dikes  of  granite,  which 
nay  be  seen,  among  other  places,  on  the  southern  fiankofMuunt 
Baitoch,  one  of  the  Grampians,  the  opposite  walls  sometimes 
preserve  an  exact  parallelism  for  a  considerable  distance.  It  is 
not  uncommon  for  one  set  of  grauite  veins  to  intersect  another, 
and  sometimes  there  are  three  sets,  as  in  the  environs  of 
Heidelberg,  where  the  granite  of  the  right  bank  of  (he  Ithinc 
a  to  consist  of  three  v.irieties  differing  in  colour,  grain,  and 
various  peculiarilies  of  mineral  composition.  One  of  tliese, 
which  is  evidently  the  second  in  age,  is  seen  lo  cut  through  an 
older  granite,  and  another,  still  newer,  traverses  both  the 
second  and  the  first.  These  phenomena  were  lately  pointed 
out  to  me  by  Professor  Leonhard  at  Heidelberg. 

In  Shetland  there  are  two  kinds  of  granite.  One  of  these, 
composed  of  hornblende,  mica,  felspar,  and  quartz,  is  of  a  dark 
colour,  and  is  seen  underlying  gneiss.  The  olher  is  a  red 
I  granite  which  penetrates  the  former  everywhere  in  veinsf . 

Granites  of  different  ages. — It  was  formerly  supposed  that 
granite  was  the  oldest  of  rocks,  the  mineral  product  of  a  par- 
ticular period  or  state  of  llie  earth  formed  long  antecedently  to 
the  introduction  of  organic  beings  into  the  planet.  But  it 
V  ascertained  that  this  rock  has  been  produced  again 
and  again,  at  successive  eras,  with  the  same  characters,  pene- 
trating the  stratified  rocks  in  different  regions^  but  not  always 
associated  with  strata  of  the  same  age.  Nor  are  organic  remains 
.-always  entirely  wanting  in  the  formations  invaded  by  granite, 
although  their  absence  is  more  usual.  Many  well  authenticated 
exceptions  to  the  rule  arc  now  established  on  the  authority  of 


exc 


•  Mnetiillocb,  G.ul.  Tram.,  tuI.  iiL.  p.  250. 
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numerous  observers,  amongst  the  earliest  of  whom  we  may  cite 
Von  Buch,  wlio  discovered  in  Norway  a  mass,  of  granite  over- 
lying an  ancient  secondary  limestone,  containing  orthocenita 
and  other  shells  and  zoophytes*. 

A  considerable  mass  of  granite  in  Sky  is  described  bj 
Dr.  Macculloch  as  incumbent  on  limestone  and  shale,  whkh 
are  of  the  age  of  the  English  liaaf.  The  limestone,  which, 
at  a  greater  distance  from  the  granite,  contains  shells,  exhi- 
bits no  traces  of  them  near  the  junction  of  the  igneous  rock, 
where  it  has  been  converted  into  a  pure  crystalline  marble  J, 

This  granite  of  Sky  was  at  first  termed  '  Syenite,*  by  which 
name  many  geologists  have  denominated  the  more  modem 
granites;  but  authors  have  entirely  failed  in  their  attempt  to 
cstabHsh  a  distinction  between  granites  and  syenites  on  miners- 
logical  characters.  The  latter  have  sometimes  been  defined  to 
consist  of  a  triple  compound  of  felspar,  quartz,  and  hornblende, 
but  the  oldest  granites  are  very  commonly  composed  of  these 
ingredicms  only.  In  his  later  publications  Dr.  Macculloch  has 
with  great  propriety,  we  think,  called  the  ptutooic  rock  of  Sky 
a  granite  §. 

In  different  parts  oftheAlps  a  comparatively  modem  granite 
is  seen  penetrating  through  secondary  sirala,  which  contain 
bclenmites,  and  other  fossils,  and  are  supposed  to  be  referrible 
to  the  age  of  the  English  lias.  According  to  the  observations  of 
M.  Elie  dc  Beaumont  and  Htigl,  masses  of  this  granite  are  some- 
times found  partially  overlying  the  secondary  beds,  and  altering 
them  in  a  manner  winch  we  sholl  describe  more  particularly 
when  we  treat  of  the  changes  in  composition  and  structure  su- 
perinduced upon  sedimentary  deposits  in  contact  with  Plutonic 
rocks II  (see  wood-cut.  No.  90,  p.  371). 

In  such  examples  we  can  merely  afGrm,  that  the  granite  u 

•  Tratcls  Ihiough  Norway  anJ  LaplanJ,  p.  45.    London,  18la. 

t  See  Mutchiion,  GeoL  Train,  2nd  SurieB,  vol  ii.  part  ii.  p.  311— 381. 

J  Weitem  Iilandi,  vol.  t.  p.  33U. 

^  Syst  of  Geol.,  vol.  i.  p.  150. 

II  Elie  de  BeaumoDl,  Sur  lei  MontsgaM  de  I'CHi 
Hal.  lie  Fans,  tome  i,    llugi,  Nttuc,  tLutonecbe  Al[«nr 
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!Wer  than  a  sccondnrj'  formation  containing  belcmnitcs,  but 
B  can  form  no  conjecture  wlien  it  originated,  not  even  whctlier 
be  of  secondary  or  terliary  dale.  It  is,  indeed,  very 
Accessary  to  be  on  our  guard  against  the  inference  that  a  granite 
Ife  Usually  of  about  the  same  age  as  the  group  of  strata  into 
%hich  it  has  intruded  itself,  for  in  lliatcase  we  shall  be  inclined 
{■>  sfisume  rashly  that  the  granites  found  pcnitraiing  a  more 
modern  secondary  rock,  such  as  the  lias  fur  example,  are  much 
newer  than  those  found  invading  strata  older  than  the  cor- 
t>onifcrous  series.  The  contrary  may  often  be  true,  for  the 
|iIutonic  ruck  which  was  last  in  a.  mellcd  state,  may  not  have 
been  forced  up  anywhere  so  near  the  surface  as  to  enter  into 
the  newer  groups  of  strata,  and  it  may  have  been  injected 
into  a  part  of  tlie  earth's  crust  formed  exclusively  of  the  older 
aedimentary  formations. 

•Inadeep  series  of  strata,' says  Dr.  MaccuUoch,' the  superior 
or  distant  portions  may  have  been  but  slightly  disturbed,  or 
c  entirely  escaped  disturbance,  by  a  granite  wbich  has  not 
emitted  its  veins  far  beyond  its  iuimcdiaie  boundary.  How- 
ever certain,  therefore,  it  may  be,  that  any  mass  of  granite  is 
posterior  to  the  gneiss,  the  micaceous  schist,  or  the  argillaceous 
schists,  which  it  traverses,  or  into  wbich  it  intrudes,  we  arc 
unable  to  prove  that  it  is  not  also  posterior  to  the  secondary 
strata  that  lie  above  them  *.' 

There  can  be  no  doubt,  however,  that  some  granites  are 
more  ancient  than  any  of  our  regular  series  which  we  identify 
by  organic  rcmains.bccause  there  are  rounded  pebbles  of  granite, 
as  well  as  gneiss,  in  the  conglomerates  of  ilie  oldest  fossiliferous 
groups. 

Distinction  between  volcanic  and  plutottic  roch — TVap.- 
The  next  point  to  consider  is  the  distinction  between  the  plu- 
tonic  and  volcanic  rocks.  When  geologists  first  began 
examine  attentively  the  structure  of  the  northern  parts  of 
£urope,  they  were  almost  entirely  ignorant  of  the  phenomena 
of  existing  volcanos,  and  when  they  met  with  basalt  and  other 
•  Sy>t.  ofGcol,  v[)l,i.p.;i3e. 
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rocks  composed  chiefly  of  augite,  hornblende,  and  felspar, 
which  are  now  admitted  by  all  to  have  been  once  in  a  state  of 
fusion,  tliey  were  divided  in  opinion  whether  they  were  of 
igneous  or  of  aqueous  origin.  We  have  shown  in  our  sketch 
of  the  history  of  geology  in  the  first  volume,  how  much  the 
polemical  controversies  on  this  subject  retarded  the  advance- 
ment of  the  science,  and  how  slowly  the  analogy  of  the  rocks  in 
question  to  the  products  of  burning  volcanos  was  recognized. 

Most  of  the  igneous  rocks  first  investigated  in  Germany, 
France,  and  Scotland,  were  associated  with  marine  strata,  and 
in  some  places  they  occurred  in  tabular  masses  or  platforms 
at  diSerent  heights,  so  as  to  form  on  the  sides  of  some  bills  a 
succession  of  terraces  or  steps,  from  which  circumstance  they 
were  called  '  trap'  by  Bergman  (from  trappa,  Swedish  for  a 
staircase),  a  name  afterwards  adopted  very  generally  into  the 
nomenclature  of  the  science. 

AVhen  these  trappean  rocks  were  compared  with  lavas  pro- 
duced in  the  atmosphere,  they  were  found  to  be  in  general  less 
porous  and  more  compact ;  but  in  this  instance  the  terms  of 
comparison  were  imperfect,  for  a  set  of  rocks,  formed  almost 
entirely  under  water,  was  contrasted  with  anotEier  which  hod 
cooled  in  the  open  air. 

Yet  the  ancient  volcanos  of  Central  France  were  dossed, 
in  reference  probably  to  their  antifjuity,  with  tlie  trap  rocks, 
although  they  afford  perfect  counterparts  to  existing  volcanos, 
and  were  evidently  formed  in  the  open  air.  Mont  Dor  and 
ihe  Plomb  du  Cantal,  indeed,  may  differ  in  many  respects  from 
Vesuvius  and  Etna  in  the  mineral  constitution  and  struciure  of 
their  lavas ;  but  it  is  that  kind  of  difference  whicli  we  must  ex- 
pect to  discover  wJien  we  compare  the  products  of  any  two  active 
volcanos,  such  as  Teneriffe  and  Hecia,  or  Ilecla  ami  Cotopaxi. 

The  amygdaloidal  structure  in  many  of  the  trap  formntiont 
|)roves  that  tbey  were  originally  cellular  and  porous  like  lava, 
tut  the  cells  have  been  subsequently  filled  up  with  silex,  car- 
j  bonale  of  lime,  zcohte,  and  other  ingredients  which  form  the  no- 
dules. Dr.Macculloch, after  examining  withgreat  altcntionthe 
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IS  rocks  of  Scotland,  observes  *  that  it  is  a  mere  dispute 
il  terms  to  refuse  to  the  andctit  eruptions  of  trap  tlie  name 
submarine  vdcanos,  fur  they  are  such  in  every  essential 
aa\,  allhoiigli  they  no  longer  eject  fire  and  smoke*.' 
The  same  author  also  considers  it  not  improbable  that  some 
the  volcanic  rocks  of  the  same  country  may  have  been 
ired  out  in  the  open  airf. 

The  recent  examination  of  the  igneous  rocks  of  Sicily, 
lially  those  of  the  Val  di  Nolo,  has  proved  that  all  the 
lore  ordinary  varieties  of  European  trap  have  been  produced 
inder  the  waters  of  the  sea  in  the  Newer  Pliocene  period,  that 
(to say,  since  the  Mediterranean  has  been  inhabited  by  a  great 
proportion  of  the  existing  species  of  lestacea.  Wc  are,  there- 
entitled  to  feel  the  utmost  confidence,  that  if  we  could 
obtain  access  to  the  existing  bed  of  the  ocean,  and  explore  the 
igneous  rocks  poured  out  within  llie  last  50tX)  years  beneath 
the  pressure  of  a  sea  of  considerable  depth,  we  should  behold 
ionnations  of  modern  date  scarcely  distinguishable  from  the 
ancient  trap  rocks  of  our  island.  We  cannot,  however, 
expect  the  identity  to  be  perfect,  for  time  is  ever  working 
iome  alteration  in  the  composition  of  these  mineral  masses,  as, 
for  example,  by  converting  poi-ous  lava  into  amygdaloids. 

Paasa^efrom  trap  into  graitite. — If  a  division  bo  attempted 
betweeo  the  trappean  and  volcanic  rocks,  it  must  be  made 
between  different  parts  of  the  same  volcano,— nay  even  the  same 
rock,  which  would  be  called  '  trap,'  n  here  it  fills  a  fissure  and 
has  nssumetl  a  solid  crysiolline  form  on  slow  cooling,  must  be 
termed  volcanic,  or  lava,  where  it  issues  on  the  flanks  of  the 
mountain.  Some  geologists  may  perhap  be  of  opinion  that 
melted  matter,  which  has  been  poured  out  in  the  open  air, 
may  be  conveniently  called  volcanic,  while  that  which  appears 
lo  have  cooled  at  the  bottom  of  the  sea,  or  under  pressure,  but 
at  no  great  depth  from  the  surface,  may  be  termed  '  trap ;' 
but  we  believe  that  such  distinctions  will  lead  only  to  eon- 
fusion,  and  that  we  must  consider  trap  and  volcanic  as  syno- 
nymous.     On   the  other   hand,  the   diflicuity   of    discrimi- 
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nnting  the  volcanic  from  the  pliitonic  rocks  is  suffidently 
great ;  fur  we  must  draw  an  arbitrary  line  between  them,  there 
being  an  insensible  passage  from  the  most  commoa  forms  of 
granile  into  trap  or  lava. 

*  Tlie  ordinary  granite  of  Aberdeenshire,'  says  Dr.  Mac- 
culloch,  *  is  the  usual  ternary  compound  of  quartz,  felspar,  and 
mica,  but  sometimes  hornblende  is  added  to  these,  or  the 
hornblende  is  substituted  for  the  mica.  But  in  many  places 
a  variety  occurs  which  is  composed  simply  of  felspar  and 
hornblende,  and  in  examining  more  minutely  this  duplicate 
compound,  it  is  observed  in  some  places  to  assume  a  fine  grain, 
and  at  length  to  become  undistinguishable  from  the  greenstones 
of  the  trap  family.  It  also  passes  in  the  same  uninterrupted 
manner  into  abasalt,  and  at  length  into  a  soft  claystone,  with  s 
schistose  tendency  on  exposure,  in  no  respect  differing  from 
those  of  the  trap  islands  of  the  western  coast*.'  The  same 
author  mentions,  that  in  Shetland  a  granite  composed  of  horn- 
blende, mica,  felspar,  and  quartz,  graduates  id  an  equally 
perfect  manner  into  basalt  f. 

It  would  be  easy  to  multiply  examples  to  prove  that  ihe 
granitic  and  trap-rocks  pass  into  each  other,  and  are  merely 
different  forms  which  the  same  elements  have  assumeil  according 
to  the  different  circumstances  under  which  they  have  consoU- 
dated  from  a  state  of  fusion,  AVhat  we  have  said  respecting  the 
mode  of  explaining  the  different  texture  of  the  central  and  ex- 
ternal parts  of  the  Vesuvian  dikes  may  enable  the  reader  in  some 
measure  to  comprehend  how  such  differences  may  originate  J. 

The  same  lava  which  is  porous  where  Jl  has  flowed  over 
from  the  crater,  and  where  it  has  cooled  rapidly  and  under 
comparatively  slight  pressure,  is  compact  and  porphyritic  in 
the  dike.  Now  these  dikes  are  evidently  the  channels  of  com- 
munication between  the  crater  and  the  volcanic  foci  below;  so 
that  we  may  suppose  them  to  be  continuous  to  the  depth  of 
several  hundred  fathoms,  or  perhaps  two  or  three  miles,  or  even 
more;  and  the  fiuid  matter  below,  which  cooU  and  consoli- 


•  SjstofQeol.,  Tol.i.p.  157.  f  Ibid,  p.  IM. 
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I  slowly  under  so  enormous  a  pressure,  may  be  supposed 

»  acquire  a  very  distinct  texture  and  become  granite. 

If  it  be  objected  that  we  do  not  find  in  mountain -chains  vol- 

Etic  dikes  passing  upwards  into  lava,  and  downwards  into 

aite,  we  may  answer  that  our  vortical  sections  are  usually 

Fsmall  extent,  and  it  is  enough  that  we  find  in  certain  loca- 

I  a  transition  from  trap  to  porous  lava,  and  in  others  a 

sage  from  granite  to  trap.     It  should  also  be  remembered, 

Ihhat  a  large  proportion  of  the  igneous  rocks,  when  first  formed, 

Kcsnuot  be  supposed  to  reach  the  surface,  and  these  may  assume 

plhe  usual  granitic  texture  without  graduating  into  trap,  or  into 

inch  lava  and  scoriae  as  are  found  on  the  flanks  of  n  volcanic 

^Heory  of  Ike  origin  of  granite  at  all  periods. — It  is  not 
icotntnon  for  lava-streams  to  require  more  than  ten  years  to 
cool  in  the  open  air,  and  a  much  longer  period  where  they 
are  of  great  depth.  The  melted  matter  poured  out  from 
Jorullo,  in  Mexico,  in  the  year  1759,  which  accumulated  in 
'some  places  to  the  height  of  650  feet,  was  found  to  retain  a 
high  temperature  half  a  century  after  the  eruption  •.  For 
vhat  immense  periods,  then,  must  we  not  conclude  that  great 
masses  of  subterranean  lava  in  the  volcanic  foci  may  remain  in 
a  red  hot  or  incandescent  state,  and  how  gradual  must  be  the 
process  of  refrigeration  I  This  process  may  be  sometimes 
retarded  for  an  indefinite  period,  by  the  accession  of  fresh 
Buppliesof  heat,  for  we  find  that  the  lava  in  the  crater  of  Strom- 
boli,  one  of  the  Lipari  islands,  has  been  in  a  state  of  constant 
ebullition  for  the  last  21)00  years,  and  we  must  suppose  this 
fluid  mass  to  communicate  with  some  cauldron  or  reservoir  of 
fused  matter  below.  In  the  Isle  of  Bourbon,  also,  where  there 
has  been  an  emission  of  lava  once  in  every  two  years  for  a  long 
period,  we  may  infer  that  the  lava  below  is  permancnily  in  a 
state  of  liquefaction. 

When  melted  matter  is  Injected  into  the  fissures  of  a  con- 
tiguous rock  at  a  considerable  depth,  it  may  cool  rapidly  if  that 
rock  has  not  acquired  a  high  temperature ;  but  suppose,  on  hs 
•  Sm  roJ,  i.  p.  3?S,  oad  Svcoail  EdiUoo,  v>  433. 
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contrary,  that  it  has  been  heated,  and  still  continues  for  cen- 
turies, or  thousands  of  years,  at  a  red  heat,  the  vdn  may 
acquire  a  highly  crystalline  texture. 

The  great  pressure  of  a  superincuinbent  mass,  nnd  exclusion 
from  contact  with  air  or  water,  are  probably  the  usual  con- 
ditions necessary  to  produce  the  granitic  texture;  but  the 
same  may  sometimes  be  superinduced  at  a  slighter  distance 
from  the  surface  by  slow  refrigeration,  when  additional  sup- 
plies of  heat  check,  from  time  to  time,  the  cooling  process  and 
cause  it  to  be  indefinitely  protracted. 

If,  for  the  reasons  above  alluded  to,  we  conceive  it  probable 
thai  plutonic  rocks  have  originated  in  the  nether  parts  of  the 
earth's  crust,  as  often  as  the  volcanic  have  been  generated  at 
the  surface,  we  may  imagine  that  no  small  quantity  of  the 
former  class  has  been  forming  in  the  recent  epoch,  since  we 
suppose  that  about  2000  volcanic  eruptions  may  occur  in  the 
course  of  every  century,  either  above  the  waters  of  the  sea  ot 
beneath  them  *. 

We  may  also  infer,  that  during  each  preceding  period, 
whether  tertiary  or  secondary,  there  have  been  granites  and 
granitiform  rocks  generated,  because  we  have  already  dis- 
covered the  monuments  of  ancient  volcanic  eruptions  at  almost 
every  period. 

In  the  next  chapter  we  shall  endeavour  to  show,  that  in 
consequence  of  the  great  depths  at  which  the  plutonic  rocks 
usually  originate,  and  the  manner  in  which  they  are  associated 
with  the  older  sedimentary  strata  of  each  district,  it  is  rarely 
possible  to  determine  with  exactness  their  relative  age.  Yet 
there  is  reason  to  believe  that  the  greater  portion  of  the  plutonic 
formations  now  visible  are  of  higher  antiquity  tlian  the  oldest 
secondary  strata.  We  shall  also  endeavour  to  point  out,  that 
this  opinion  is  by  no  means  inconsistent  with  the  theory  that 
equal  quantities  of  granite  may  have  been  produced  in  succes- 
sion, during  equal  periods  of  time,  from  the  earliest  to  the  roost 
modern  epochs. 
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tba  itralificd  roclu  uiimlly  called  'primary' — PrDDfa  ftom  the  iliipoiitlun  of 
.Quir  ktrali  that  Ihey  vvn  origliully  depoiited  fram  wnler — Allernatioa  of  beill 
Vaijing  in  comiiasitiuu  stai  colour — Fnsiagc  of  gneiss  intu  grauilc — All^inliua 
^  Mi]im«atu}  iliata  by  lia|;ipeaa  and  granitic  ililms — lofereace  as  to  the 
'<>tigiii  of  the  firala  called  '  primary' — Coaiersiaa  of  arf^illacvoui  into  horn> 
Ucnde  Khiit — The  term  'Ilyjjogene'  (iroponed  u  a  lutistitute  fur  primary — 
:*  Mdamuipbii; '  for  '-alratifivd  primary'  rocks — No  rej^iilur  orilei  of  iiiccauioa 
sf  hypogcDe  rnimationi — Puitsagv  from  tho  mutamorphic  to  the  udiinrntaiy 
■Inia — Caule  of  the  high  relative  aaliquity  of  the  visible  hyiiogeai:  fmuiatunl 
—That  ■Dliqiiily  ron<b>teul  with  the  hypDlhesii  that  Ihey  have  been  pro- 
duced at  each  succcbiive  period  iu  e<iual  ipmulilicti — Gceat  volume  ol'hypugena 
rocka  lUppoiMd  lo  have  beea  formed  liuce  the  Eocene  period— Cundiiilinir 
reniaiki. 

ON  THE  STRATIFIED  ROCKS  CALLED  ■  PRlMARy/ 

W^  stated  in  the  last  chapter,  Ihnt  the  rocks  usually  termed 
•primary'  are  divisible  into  two  natural  classes,  the  stratified 
•nd  the  unstratificd.  The  propriety  of  the  term  stratified,  as 
applied  to  the  first-mentianed  class,  will  not  be  questioned 
when  the  rocks  so  designated  are  carefully  compared  with  strata 
known  to  result  from  aqueous  depasiiioii. 

Mode  of  if  ratification. — If  we  examine  gneiss,  which  consists 
of  the  same  materials  as  granite,  or  mica-schist  which  is  a 
binary  compound  of  quartz  and  mica,  or  clay-slate,  or  any 
other  member  of  the  so-cnlled  primary  division,  we  find  that 
it  is  made  tip  of  a  succession  of  beds,  the  planes  of  wtiich 
are,  to  a  certain  extent,  parallel  to  each  other,  but  which  fre- 
quently deviate  from  parallelism  in  a  manner  precisely  ima- 
logous  to  tliat  exiiibiied  by  sedimentary  formations  of  all  ages. 
The  resemblance  is  often  carried  farther,  for  in  the  crystaUine 
Beries  we  find  beds  composed  of  a  great  number  of  layers 
placed  diagonally,  as  wc  have  shown  to  be  the  case  in  the 
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Crag  and  other  formations*. 


[Ch.  XXVI, 
This  disposition  of  the  layers 


L  num 

^^  chloi 
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is  illustrated  in  the  accompanying  diagram,  in  which  I  have 
represented  carefully  the  stratification  of  a  coarse  argillaceous 
schist,  which  I  examined  in  the  Pyrenees,  part  of  which  ap- 
proaches in  character  to  a  green  and  blue  roofing  slate,  while 
part  is  extremely  quartzose,  the  whole  mass  passing  downwards 
into  micaceous  schist.  The  vertical  section  here  exhibited  is 
about  three  feet  in  height,  and  the  layers  are  sometimes  so  thin 
that  fifty  may  be  counted  in  the  thickness  of  an  inch.  Some 
of  them  consist  of  pure  quartz. 

The  stratification  now  alluded  to  must  not  be  confounded 
with  that  fissile  texture  sometimes  observed  in  the  older  rocks, 
by  virtue  of  which  they  divide  in  a  direction  different  both 
from  the  general  planes  of  stratification  and  from  the  planes 
of  those  transverse  layers  of  which  a  single  stratum  may  be  | 
made  up. 

Another  striking  point  of  analogy  between  the  stratification 
of  the  crystalline  formations  and  that  of  the  secondary  and 
tertiary  periods  is  the  alternation  in  each  of  beds  varying 
greatly  in  composition,  colour,  and  thickness.  Vie  observe,  for 
instance,  gneiss  alternating  with  layers  of  black  hornblende- 
schist,  or  with  granular  quartz  or  hmestone,  and  the  inter- 
change of  these  different  strata  may  be  repeated  for  an  indefinite 
number  of  times.  In  like  manner.  mica-sc!iist  alternates  with 
chlorite- schist,  and  with  granular  limestone  in  thin  layers. 

Aa  we  observe  in   the  secondary  and   tertiary  formationi 


•  SeeaboTC,  p.  173. 
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tnU  of  pure  siliceous  sand  alternating  with  micaceous  sand 
1  with  layers  of  clay,  so  in  tlie  '  primary'  we  have  beds  of 
Vpure  quartz  rock  alternating  with  mica-schist  and  clay-slale. 
I^As  in  the  secondary  and  tertiary  series  we  meet  with  limestone 
I  alleruating  again  and  again  with  micaceous  or  argillaceous  sandt 
f  ao  we  find  in  the  '  primary'  gneiss  and  mica-schisl  alternating 
with  pure  and  impure  granular  Umeslonea. 

Paatage  ofgneias  into  granite — If,  then,  reasoning  from  the 
principle  that  hke  effects  have  like  causes,  we  attribute  the 
siratificatioD  of  gneiss,  mica-schist,  and  other  associated  rocks, 
to  sedimentary  deposition  from  a  lluid,  we  encounter  this  diffi- 
culty, that  there  is  often  a  transition  from  gneiss,  one  of  the 
Htratified  series,  into  granite,  which,  as  we  have  shown,  is  of 
igneous  origin.  Gneiss  is  composed  of  the  same  ingredients  as 
granite,  and  its  texture  is  equally  crystalline.  It  sometimes 
occurs  in  tliick  beds,  and  in  these  the  rock  is  often  quite 
undistinguishable,  in  hand  specimens,  from  granite;  yet  the 
lines  of  St  rati  ii  cation  are  still  evident.  These  lines  imply  depo- 
sition from  water,  while  the  passage  into  granite  would  lead  us 
to  infer  an  igneous  origin.  In  what  manner  can  we  reconcile 
theseapparcntlyconHicting  views i*  The  Huttonian  hypothesis 
offers,  we  think,  the  only  satisfactory  solution  of  this  problem. 
According  to  that  theory,  thematerialsof  gneiss  were  originally 
deposited  from  water  in  the  usual  form  of  aqueous  strata,  but 
these  strata  were  subsequently  altered  by  their  proximity  to 
granite,  and  to  other  plutonic  masses  in  a  state  of  fusion,  until 
they  assumed  a  grnnitiform  texture.  The  reader  will  he  pre- 
pared, by  what  we  have  said  of  granite,  to  conclude,  tliat  when 
voluminous  masses  of  melted  rock  have  been  for  nges  in  an 
incandescent  state,  in  contact  with  sedimentary  deposits,  they 
must  produce  some  alteration  in  their  texture,  and  this  alteration 
may  admit  of  every  intermediate  gradation  between  that  result- 
ing from  perfect  fusion,  and  the  slightest  modification  which 
heat  can  produce. 

The  geologist  has  been  conducted,  step  by  step,   to  this 
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theory  by  direct  experiments  on  the  fusion  of  rocks  in  the  labo- 
ratory, and  by  observation  of  the  changes  in  the  composition 
and  texture  of  stratified  masses,  as  they  approach  or  come  in 
contact  with  igneous  veins  and  dikes.  In  studying  the  latter 
class  of  phenomena,  ne  have  the  advantage  of  examining  the 
condition  of  llie  rock  at  some  distance  from  the  dike  where  it 
has  escaped  the  influence  of  lieat,  and  its  state  where  it  has 
been  near  to,  or  in  contact  with,  the  fused  mass.  The  changes 
thus  exhibited  may  be  regarded  as  the  results  of  a  series  of 
experiments,  made  on  a.  great  scale  by  nature  under  every 
variety  of  condition,  boih  as  relates  to  the  mineral  ingredients 
of  the  rocks,  the  intensity  of  heat  or  pressure,  the  celerity  or 
slowness  of  the  cooling  process,  and  other  circumstances. 

Strata  altered  by  volcanic  dikes— ^Phs  Neirydd. — We  shall 
select  a  few  examples  of  these  alterations  in  illustration  of  our 
present  argument.  One  of  the  most  interesting  is  the  modifi- 
cation of  strata  in  the  proximity  of  a  volcanic  dike  near  Plas 
Newydd,  in  Anglesea,  described  by  Professor  Henslow.  The 
dike  is  134  feet  wide,  and  consists  of  basalt  (doleritc  of 
some  authors),  a  compound  of  felspar  and  augite.  Strata  of 
ehuleand  argillaceous  limestone,  through  which  it  cuts  perpen- 
dicularly, are  altered  to  a  distance  of  thirty,  or  even  in  some 
places  to  thirty-five  feet,  from  the  edge  of  tlie  dike.  The 
shale,  as  it  approaches  the  basalt,  becomes  gradually  more 
compact,  and  is  most  indurated  where  nearest  the  junction. 
Here  it  loses  part  of  its  sciiistose  structure,  but  the  separation 
into  parallel  layers  is  still  discernible.  In  several  places  the 
shale  is  converted  into  hard  porcel  1  an ous  jasper.  In  the  most 
hardened  part  of  the  mass  the  fossil  shells,  principally  Producta, 
are  nearly  obliterated,  yet  even  here  their  impressions  may 
frequently  be  traced.  The  argillaceous  limestone  undergoes 
analogous  mutations,  losing  its  earthy  texture  as  it  approaches 
the  dike,  and  becoming  granular  and  crystalline.  Bui  the 
most  extraordinary  phenomenon  is  the  appearance  in  tlie  shale 
:   crystals   of  analcime   and   garnet,    which  are 
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disdnctly  conlincd  to  those  portions  of  the  rock  affected  by  the 

Garnets  have  been  observed,  under  very  analogous 

rcumstances,    in    High   Teesdale,   by  Professor   Sedgwick, 

irbere  they  also  occur  in  shale  and  limestone,  altered  by  a 

altic  dike.     This  discovery   is   most   interesting,  because 

garnets  often  abound  in  mica-schist,  and  we  see  in  the  instances 

»ove  cited,  that  they  did  not  previously  exist  in  the  shale  and 

estone,  and  that  they  have  evidently  Iwen  produced  by  heat 

I  rocks  in  which  the  marks  of  stratification  have  not  been 


JSlirling  Castle. — To  select  another  example :  we  find  in  the 
rock  of  Stirling  Castle,  a  calcareous  sandstone  fractured  and 
/orcibly  displaced  by  a  mass  of  green-stone,  which  has  evidently 
iovaded  the  strata  in  a  melted  slate.  The  sandstone  has  been 
iDduraled,  and  has  assumed  a  texture  approaching  to  homstone 
near  the  junction.  Soalsoin  Arthur's  Seat  and  Salisbury  Craig, 
near  Edinburgh,  a  sandstone  is  seen  to  come  in  contact  with 
greenstone,  and  to  be  converted  into  a  jaspidcous  rock  f, 

Aiitrim. — In  the  north  of  Ireland,  in  several  parts  of  the 
county  of  Antrim,  chalk,  with  flints,  is  traversed  by  basaltic 
dikes.  The  chalk  is  converted  into  granular  marble  near  the 
basalt,  the  change  sometimes  extending  eight  or  ten  feet  from 
the  wall  uf  the  dike,  being  greatest  at  that  point,  and  thence 
gradually  decreasing  till  it  becomes  evanescent.  '  The  extreme 
effect,'  says  Dr.  Berger,  '  presents  a  dark  brown  crystalline 
Vinicstone,  the  crystals  running  in  flakes  as  large  as  those  of 
coarse  ;n-(mi/ive  limestone ;  the  next  state  is  saccharine,  then 
I'fine-grained  and  arenaceous ;  a  compact  variety  having  a  por- 
cellanous  aspect,  and  a  bluish-giey  colour  succeeds ;  this, 
'.towards  the  outer  edge,  becomes  yellowish-white,  and  insen- 
sibly graduates  into  the  unaltered  chalk.  The  flints  in  the 
altered  chalk  usually  assume  a  grey  yellowish  colour  j:.'     Alt 

•  ttna.  afCiunbriilgi!  Pliil.  Soc.,  Vol.  i.  p.  40G. 

f  lilusl.  at  Butt.  Theory,  f  253  and  IIBI.  Dr.  MbcciiUdcIi,  Gcul.  Tinin.,  bt 
■criH,  roL  ii.  p.  305. 

2  Dr.  Beif^,  Geul.  Tiaus.,  Itt  Gcrira,  vi>l.  iii.  p.  \7'1, 
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traces  of  organic  remains  are  effaced  in  that  part  of  the  fa»> 
stone  which  is  most  crystalline. 

As  the  carbonic  acid  has  not  been  expelled,  in*this  instaMi^ 
from  that  part  of  the  rock  which  must  be  supposed  to  itn 
been  melted,  the  change  must  have  taken  place  under  cnuife* 
able  pressure ;  for  we  know,  by  the  experiments  of  Sir  Jmm 
Hall,  that  it  would  require  the  weight  of  about  1700  fat  rf 
sea- water,  which  would  be  equivalent  to  the  pressure  of  i 
column  of  liquid  lava  600  feet  high^  to  prevent  this  add  fiat 
being  given  off. 

Another  of  the  dikes  of  the  north-east  of  Ireland  has  coo- 
verted  a  mass  of  red  sandstone  into  homstone  ^.  By  anotber,  * 
the  slate-clay  of  the  coal-measures  has  been  indurated^  and  his 
assumed  the  character  of  flinty  slate  -f- ;  and  in  another  place 
the  slate-clay  of  the  lias  has  been  changed  into  flinty  slate, 
which  still  retains  numerous  impressions  of  ammonites  ^.  One 
of  the  greenstone  dikes  of  the  same  country  passes  through  i 
bed  of  coal,  which  it  reduces  to  a  cinder  for  the  space  of  nioe 
feet  on  each  side  §• 

The  secondary  sandstones  in  Sky  are  converted  into  solid 
quartz  in  several  places  where  they  come  in  contact  with  veins 
or  masses  of  trap ;  and  a  bed  of  quartz,  says  Dr.  MaccuIIoch, 
has  been  found  near  a  mass  of  trap,  among  the  coal-strata  of 
Fife,  which  was  in  all  probability  a  stratum  of  ordinary  sand- 
stone subsequently  indurated  by  the  action  of  heat  ||. 

Alterations  of  strata  in  contact  with  granite, — Having 
selected  these  from  innumerable  examples  of  mutations  caused 
by  volcanic  dikes,  we  may  next  consider  the  changes  produced 
by  the  contiguity  of  plutonic  rocks.  To  some  of  these  we 
have  already  adverted,  when  speaking  of  granite  veins,  and 
endeavouring  to  establish  the  igneous  origin  of  granite.  We 
mentioned  that  the  main  body  of  the  Cornish  granite  sends 
forth  veins  through  the  killas  of  that  country^,  a  coarse 
argillaceous  schist,  which  is  converted  into  hornblende-schist 

*  Rev.  W.  Conybeare,  Geol.  Trans.,  1st  series,  vol.iii.  p.  201. 
+  Ibid.,  p.  203.         I  Ibid.  p.  213,  and  Playfair,  lllust  of  Hutt.  Theory,  §  253, 
}  Jbicl,  p.  20G.        \\  Syst.  o£  Gco\.,vo\.\.V'*^^^«        '^  ^^  «».i^»aA.,^^%J. 
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"^Vnt  the  contact  with  the  veins.     These  appearances  ore  well 

Men  at  the  junction  of  the  granite  and  killas  in  St.  Michael's 

~~~  MmiDt,  a  BDiall  island  nearly  300  feet  high,  situated  in  the  bay, 

''ift  the  distance  of  about  three  niUes  from  Penzance. 
*'  In  the  department  of  the  Hautes  Alpes,  in  France,  near 
%  TCsillef  M.  Elie  de  Beaumont  traced  a.  black  argillaceous 
■x*  HmntoDe,  charged  with  belemnites  to  within  a  few  yards  of  a. 
~'  Man  of  granite.  Here  the  limestone  begins  to  put  on  a 
-  No.  so. 
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granular  texture,  but  is  extremely  fine-grained.  When  nearer 
the  junction  it  becomes  grey  and  has  a  saccharoid  structure. 
In  another  locality,  near  Champoleon,  a  granite  composed  of 
quarts,  black  mica,  and  rose-coloured  felspar,  is  observed 
partly  to  overlie  the  secondary  rocks,  produdng  an  alteration 
which  extends  for  about  thirty  feet  downwards,  diminishing  in 
the  inferior  beds  which  lie  farthest  from  the  granite.  (See  wood- 
cut No.  90.)  In  the  altered  mass  the  argillaceous  beds  arc 
hardened,  the  limestone  is  saccharoid,  the  grits  quartzose,  and  in 
the  midst  of  them  is  a  thin  layer  of  an  imperfect  granite.  It  is 
also  an  important  circumstance,  that  near  the  point  of  contact 
both  the  granite  and  the  secondary  rocks  become  melailirerous, 
and  contain  nests  and  small  veins  of  blende,  galena,  iron,  and 
copper  pyrites.  The  stratified  rocks  become  harder  and  more 
lU  1 
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crystalline,  but  the  granite,  on  the  contrary,  softer  and  less 
perfectly  crystallized  near  the  junction  ". 

It  will  appear  from  sections  described  by  M.  Hugii  that 
some  of  the  secondary  beds  of  limestone  and  slate,  which  are 
in  a  similar  manner  overlaid  by  granite,  have  been  altered 
into  gneiss  and  mica-schist  t-  Some  of  these  altered  sedi 
tary  formations  are  supposed,  by  M.  Elie  de  Beaumont,  to 
be  of  the  age  of  the  lias  of  England,  and  others  to  be  even  a 
modern  as  the  Jurassic  or  oolite  formations. 

We  can  scarcely  doubt,  in  these  cases,  that  the  heat  com- 
municated by  the  granitic  mass  reduced  tlji^'Ebutiguous  strati 
to  semi-fusion,  and  tiiat  on  cooling  slowly,  the  rock  nssunidl 
a  crystalline  texture.  The  experimetil^  of  Gregory  Watt 
prove,  distinctly,  that  a  rock  need  'not  be  perfectly  melted  in 
order  that  a  re- arrangement  of  its  component  particles  should 
lake  place,  and  that  a  more  crystalline  texture  should  ensue. 
We  may  enslly  suppose,  therefore,  that  all  traces  of  shells  and 
other  organic  remains  may  be  destroyed,  and  that  new  chemical 
combinations  may  arise,  without  the  mass  being  so  fused  as  thai 
the  lines  of  stratification  should  be  wholly  obliterated. 

In  allusion  to  the  passage  from  granite  to  gneiss  before 
described,  Dr.  Macculloch  remarks,  that  'in  numerous  parts  of 
Scotland,  where  the  leading  masses  of  gneiss  are  schistose^ 
evenly  stratified,  and  scarcely  ever  traversed  by  granite  veinit 
they  become  contorted  and  irregular  as  they  approach  the 
granite;  assuming  also  the  granitic  character,  and  becoming 
intersected  by  veins,  numerous  in  proportion  to  the  vicinity  of 
the  mass.  The  conclusion,'  he  adds,  'is  obvious;  the  fluid 
granite  has  invaded  the  aqueous  stratum  as  far  as  its  influence 
could  reach,  and  thus  far  has  filled  it  with  veins,  disturbed  itl 
regularity  and  generated  in  it  a  new  mineral  character,  oflffl 
I  absolutely  confounded  with  its  own.  And  if  the 
I  beds,  and   those   alternating  with  other  rocks,  arc  not  tliM 

•  Elie  de  Beaumont,  8iit  lei    Muiitngnes  ile  I'OisiUH,  Sec,  Mem.  de  l»  S* 
d'Hist.  N»).  do  Paris, 
t  NhIui.  UiiloriKliG  Alp 
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^scted,  it  is  not  ouljr  tliat  it  lias  acted  less  on  those,  but  thai, 
it  hail  equally  affected  ihcm,  they  never  could  have  exisled, 
t  would  have  been  all  granitic  and  venous  gneiss*. 

According  to  these  views,  gneiss  and  mic-a-schist  may  be 
kitbiog  more  t)ian  micaceous  and  argillaceous  sandstones  altered 
grbeat,  and  certainly,  in  their  mode  of  slratificalioa  and  lanu- 
ittioD,  they  correspond  most  exuclly.  Granular  quartz  may 
HTC  been  derived  from  siliceous  sandstone,  compact  quartz  from 
be  same.  Clay-slate  may  be  altered  shale,  aud  shale  appears  to 
e  day  which  has  been  subjected  to  great  pressure.  Granular 
urble  has  probably  originated  in  the  form  of  ordinary  lime- 
ADc,  having  in  many  instances  been  replete  with  shells  and 
orals  now  obliterated,  while  calcareous  sands  aud  marls  have 
leen  changed  into  impure  crystalline  limestones. 

Associated  with  the  rocks  termed  primary  we  meet  with 
inthracile,  just  as  we  find  beds  of  coal  in  sedimentary  for- 
ualions,  and  we  know  that,  in  the  vicinity  of  some  trap  dikes, 
)Coal  is  converted  into  anthracite.  '  Hornblende  schist,'  says 
fir-  Macculloch,  '  may  at  first  have  been  mere  clay,  for  clay  or 
shale  is  found  altered  by  trap  into  Lydian  stone,  a  substance 
.differing  from  horn  blende -schist  almost  solely  in  compactness 
wd  uniformity  of  texturef.'  '  In  Shetland,'  remarks  the  same 
.author,  •  argillaceous  schist  (or  clay-slate),  when  in  contact 
i*'nb  granite,  is  sometimes  convened  into  hornblende-schist, 
the  schist  becoming  first  siliceous,  and  ultimately,  at  the 
contact,  hornblende-schist  t-' 

This  theory,  if  confirmed  by  observation  and  experiment, 
pmay  enable  us  to  account  for  the  high  (wsition  in  the  series 
•  usually  held  by  clay  slate  relatively  to  hornblende-schist,  as  also 
to  gneiss  and  mica-schist,  which  so  commonly  alternate  with 
hornblende- schist.  For  we  must  suppose  the  heat  which  alters 
ihe  strata  to  proceed,  in  almost  all  cases,  from  below  upwards, 
and  to  act  with  greatest  intensity  on  the  inferior  strata.  If, 
therefore,  several  sets  of  argillaceous  strata  or  shales  be  super- 
imposed upon  each  odier  in  a  vertical  series  of  beds  in  the  same 
•  Sjit.  urUuol.,vuLu.i<.  140.        i  ItiiO.,  vul.i.]>.-2IO.        I  Ibid,,  i<.  211 
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district,  the  lowest  of  these  will  be  converted  Into  hornblende- 
Bchtet,  while  the  uppermost  may  continue  in  the  condition  of 
clay-slate. 

77ie  term  'Hypogene '  propoiedfor  Primary . — If  our  readers 
have  followed  us  in  the  train  of  reasoning  explained  in  this  and 
the  preceding  chapter,  lliey  must  already  be  convinced  that 
the  popular  nomenclature  of  Geology,  in  reference  to  thi 
called  '  primary '  rucks,  is  not  only  impcrfeci,  but  in  a  grert 
degree  founded  on  a  false  theory ;  inasmuch  as  Bome  granita 
and  granitic  schists  are  of  origin  posterior  to  many  secondary 
rocks.  In  other  words,  some  primary  formations  can  already 
be  sliown  to  be  newer  than  many  secondary  groups — a  mani- 
fest contradiction  in  terms. 

Yet  granite  and  gneiss,  and  the  families  of  stratified  and 
unslratified  rocks  connected  with  each,  belong  to  one  great 
natural  division  of  mineral  masses,  having  certain  clmracler) 
common,  and  it  is  therefore  convenient  that  tlie  class  to  which 
they  belong  should  receive  some  common  name — a  name  whidl 
must  not  be  of  chronological  import,  and  must  express,  on  the 
one  hand,  some  pcciiharity  equally  attributable  to  granite  and 
gneiss  (to  the  plulonic  as  well  as  the  altered  rocks),  and  which, 
on  the  other,  must  have  reference  to  characters  in  which  thow 
rocks  differ  both  from  the  volcanic  and  from  the  vnaltrrtd 
sedimentary  strata.  We  propose  the  term 'liypogene' for  thi* 
purpose,  derived  from  i55to,  subfsr,  and  y.vofiai,  naacor,  8  word 
implying  the  theory  that  granite  and  gneiss  are  both  nethtt- 
formed  rocks,  or  rocks  which  have  not  assumed  their  present 
form  and  structure  at  the  surface.  It  is  true  tiiat  gtieiss  and 
all  stratified  rocks  must  have  been  deposited  originally  at  the 
surface,  or  oti  tliat  part  of  the  s\uface  of  the  globe  which  i* 
covered  by  water ;  but  according  to  the  views  explained  in 
and  the  foregoing  chapter,  they  could  never  have  acquired 
their  crystalline  texture,  unless  acted  upon  by  heat  under  pre»* 
Sure  in  those  regions,  and  imder  those  cl  re  urn  stances  where 
the  pKitonic  rocks  arc  generated. 

TIte  term  ' Metamoqi/iic'  proposed  for  HtraCiJied  primary.— 
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■e  divide  the  hypogene  rocks,  tlien,  into  the  unsfratified,  or 
Intoiiic,  and  the  altered  stratified.  For  these  last  the  term 
metatuorphic '  (from  Atsra,  trajts,  and  i^o^f-n,  form)  may  be 
wd.  The  last- mentioned  name  need  not,  however,  be  often 
Mmned  to,  because  we  may  speak  of  hypogene  strata,  hypo- 
Etie  timettone,  liypogene  schiit,  and  this  appellation  will  suffice 
I  distinguish  the  formations  so  designated  from  the  plutonic 
I.  By  referring  to  the  table  (No.  I.)  at  the  close  of  this 
lapler,  the  reader  will  see  the  chronological  relation  which  we 
mccive  the  two  classes  of  hypogene  rocks  to  bear  to  the  strata 
r  different  ages. 

Ao  order  of  succession  tn  hypogene  formations. — When  we 
■gard  the  tertiary  and  secondary  formations  simply  as  mineral 
tasses  uncharacterized  by  organic  remains,  we  perceive  an 
idefinite  series  of  beds  of  limestone,  clay,  marl,  siliceous  sand, 
taDdntone,    coal,   and  other  materials,  alternating    again  and 
^ain  without  any  (ixetl  or  determinate  order  of  position.    The 
same  may  be  said  of  the  hypogene  formations,  for  in  these  a 
timilar  want  of  nrrangenient  is  manifest,  if  we  compare  those 
occurring  in  different  countries.     Gneiss,  mica-schist,  bom- 
llende-Bchist,  quartz  rock,  hypogene  Umestone,  and  the  rest, 
have  no  invariable  order  of  superposition,  although,  for  reasons 
above  explained,  clay-slate  must  usually  bold  a  superior  posi- 
tion relatively  to  hornblende  schist. 

We  do  not  deny,  that  in  a  particular  mountain-chain,  a 
chronological  succession  of  hypogene  formations  maybe  recog- 
nized, for  the  same  reason  that  in  a  country  of  hmited  extent 
there  is  an  order  of  position  in  the  secondary  and  tertiary 
rocks,  limestone  predominating  in  one  part  of  the  series,  clay 
another,  siliceous  sand  in  a  third,  and  soof  other  compounds. 
It  is  probable  tliat  a  similar  prevalence  of  a  regular  order  of 
arrangement  in  the  hypogene  scries  throughout  certain  dis- 
tricts, led  the  earlier  geologists  into  a  belief,  that  they  should 
be  able  to  Hs  a  definite  order  of  succession  fur  the  various 
members  of  this  great  class  throughout  the  world. 
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That  expectation  has  not  been  realized ;  yet  was  it  more  re»- 
sonable  than  the  doctrine  of  the  universality  of  certain  roch 
which  were  admitted  to  be  of  sedimentary  origin ;  for  there  is 
certainly  a  remarkable  identity  in  the  mineral  character  of  ilic 
hypogene  fonnalions,  both  stratified  and  imstratified,  in  all 
countries;  although  the  notion  of  a  uniform  order  of  succesaioa 
in  the  different  groups  must  be  abandoned. 

The  student  may,  perhaps,  object  to  the  views  above  given 
of  the  relation  of  the  sedimentary  and  nielamorphic  rocks,  dd 
the  ground  that  there  is  frequently,  indeed  usually,  an  abrupt 
passage  from  one  to  the  other.  This  phenomenon,  however, 
admits  of  the  same  explanation  as  the  fact,  that  the  beds  of 
lakes  and  seas  arc  now  frequently  composed  of  hypogene  rocki. 
In  these  localities  the  hypogene  formations  have  been  brought 
up  to  the  surface  and  laid  bare  by  denudation.  New  sedimen- 
tary strata  are  thrown  down  upon  them,  and  in  this  mannei 
the  two  classes  of  rocks,  the  aqueous  and  tlie  hypogene,  come 
into  immediate  contact,  without  any  gradation  from  one  to  the 
other.  As  wc  suppose  the  plutonic  and  metamorphic  rocks  to 
have  been  uplifted  at  all  periods  in  the  earth's  history,  so  as  to 
have  formed  the  bottom  of  the  ocean  and  of  lakes,  by  the  same 
opcralions  which  have  carried  up  marine  strata  to  the  summit! 
of  lofty  mountains,  we  must  suppose  the  juxtaposition  of  the 
two  great  orders  of  rocks  now  alluded  to,  to  have  been  a  neces- 
sary result  of  all  former  revolutions  of  the  globe. 

But  occasionally  a  transition  is  observable  from  strata 
taiuing  shells,  and  displaying  an  evident  mechanical  structure^^ 
to  others  which  arc  [Mirtially  altered,  and  from  these  again  ire 
sometimes  pass  insensibly  into  the  hypogene  series.  Some  of 
the  argillaceous- schists  in  Cornwall  arc  of  this  description,  being 
uudistinguiahable  from  the  hypogene  schists  of  many  countries 
and  yet  exhibiting,  in  a  few  spots,  faint  traces  of  organic  re^' 
mains.  In  parts  of  Germany,  also,  there  are  schists  wliich* 
from  their  chemical  condition,  are  identical  with  hypogene- 
Bchiats,  yet  are  intcrstrati^ed  with  greywacke,  a  rock  probnUj 
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teoditie<l  by  heat,  but  wbich  contains  casls  of  shells,  and  often 
9^1«ys  unequivocal  marks  of  being  an  aggregate  of  fragments 
ktf  pre-existing  rocks. 

Those  geologists  who  slirink  from  tlie  theory,  that  all  the 
bjpogenc  strata,  so  beautifully  campaci  and  crystalline  as  they 
have  once  been  in  the  slate  of  the  ordinary  mud,  day,  marl, 
land,  gravel,  limestone,  and  other  deposits  now  forming  be- 
I  the  waters,  resort,  in  their  desire  to  escape  from  such 
Donclusions,  to  the  hypothesis,  that  chf-mical  causes  once  .icted 
lirhh  intense  energy,  and  that  by  their  influence  more  crystalline 
Hrata  were  precipitated  ;  but  this  theory  appears  to  us  to  be  as 
mysterious  and  un philosophical  as  the  doctrine  of  a  'plastic 
virtue,'  intro<luced  by  the  earlier  writers  to  explain  the  origin 
of  fossil-shells  and  bones. 

Relative  age  of  the  visible  hypogene  racks. — We  shall  now 
return  to  the  subject  already  in  part  alluded  to  at  the  close  of 
the  last  chapter — the  relative  age  of  the  hypogene  rocks  as 
cotnparetl  to  the  secondary.  How  far  are  they  entitled  in 
^neral  to  the  appellation  of '  primary,'  in  the  sense  of  being 
anterior  in  age  to  the  period  of  the  airbuniferous  strata,  in 
which  last  we  include  the  greywackc  and  many  of  the  rocks 
commonly  called  transition  ?  It  is  undoubtedly  true  that  we 
rarely  point  out  melamorphic  or  plutonic  rocks  which  can 
be  proved  to  have  been  formetl  in  any  secondary  or  tertiary 
period.  We  can,  in  some  instances,  demonstrate,  as  we  have 
already  shown,  that  there  are  granites  of  posterior  origin  to 
certain  secondary  strata,  and  that  aecondary  strata  have  some- 
times been  converted  into  the  melamorpkic.  But  examples  of 
such  phenomena  arc  rare,  and  their  rarity  is  quite  consistent 
with  the  theory,  that  the  hypogene  formations,  both  stratified 
and  unstratiiied,  have  been  always  generated  in  equal  quan- 
tities during  periods  of  equal  duration. 

We  conceive  that  the  granite  and  gneiss,  formed  at  periods 
more  recent  than  the  carboniferous  era,  are  still  for  the  most 
part  concealed,  and  those  portions  which  arc  visible  can  rarely 
bo  shown,  by  geological  evidence,   to  have  originated  during 
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STCOiidary  periods.  It  is  very  possible,  for  example,  that  con- 
siderable tracts  of  hypogene  strata  in  ilie  Alps  may  be  altered 
oolite,  altered  Has,  or  altered  secondary  rocks  inferior  to  tho 
lias;  bnt  we  can  scarcely  ever  hope  to  substantiate  the  fad, 
because,  whenever  the  change  of  texture  is  complete,  no  cha- 
racters remain  to  afford  us  any  insight  into  the  probable  age  of 
the  mass.  Where  granite  happens  to  have  intruded  itsdf  in 
such  a  manner  as  partially  to  overlie  a  mass  of  lias  or  otha 
strata,  as  in  the  case  before  alluded  to  (diagram  No,  90,  p  371), 
we  may  prove  that  fosiUUftrous  strata  have  become  gneiw, 
mica-suhisE,  clay-slate,  or  granular  marble  ;  but  if  the  action  of 
the  heat  upon  the  strata  had  been  more  intense,  tlie  same  infer- 
ences could  not  have  been  drawn.  It  might  then  have  been 
supposed  that  no  Alpine  hypogene  strata  were  newer  than  the 
carboniferous  period. 

The  metamorphic  strata  of  Scotland  are  certainly  in  greal 
part  older  than  the  carboniferous,  which  are  found  incumbeDl 
upon  ihem  in  an  unaltered  state ;  but  it  appears  that  secondary 
deposiis  as  new,  or  newer  than  the  lias,  have  come  in  contact, 
in  the  Western  Islands,  with  granite,  and  have  there  asBumed 
the  hypogene  texture. 

A  considerable  source  of  difliculty  and  misapprehension,  in 
regard  to  the  antiquity  of  the  metamorphic  rocks,  may  arise 
from  the  circumstance  of  their  having  been  deposited  at  one 
period,  and  having  assumed  their  crystalline  texture  at  another. 
Thus,  for  example,  if  an  Eocene  granite  should  invade  tlie 
lias  and  superinduce  a  hypogene  structure,  to  what  period  shall 
we  refer  the  altered  strata?  Shall  we  say  that  they  are  meta- 
morphic rocks  of  the  Eocene  or  Liassic  eras  ?  They  assumed 
their  stratified  form  when  the  animals  and  plants  of  the  liai 
flourished;  they  became  metamorphic  during  the  Eocene  period. 
It  would  be  preferable  in  such  instances,  we  think,  to  consider 
them  as  hypogene  strata  of  the  Eocene  period,  or  of  that  ia 
whicii  they  were  allereil  ;  yet  it  would  rarely  be  possible  to 
cstablisii  their  true  ago.  We  should  know  tlie  granite,  to 
which  the  change  of  tesiiirc  wiis  due,  to  be  uewer  than  the  Uaa 
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wUili  it  penetrated ;  but  there  would  rarely  be  any  date  to 
ahoir  that  it  might  not  have  been  injected  at  the  close  of  the 
Xdanic  period,  or  at  some  much  later  era. 

The  metamorphic  rocks  must  be  the  oldest,  that  is  to  say, 
Ihey  must  lie  at  the  bottom  of  each  series  of  superimposed 
•Ctmtm>  because  the  influence  of  the  volcanic  heat  proceeds  from 
below  upwards ;  but  the  hypogene  strata  of  one  country  may 
b^  and  frequently  are,  of  a  very  different  age  from  those  of 
another.  The  greater  part,  however^  of  the  visible  hypogene 
locks  are^  we  believe,  more  ancient  than  the  carboniferous  for- 
mations. In  the  latter,  we  frequently  discover  pebbles  of  hypo- 
gene rocks,  namely^  granite^  gneiss,  mica-schist,  and  clay -slate ; 
and  the  carboniferous  rocks  often  rest  unchanged  upon  the 
hypogene.  According  to  our  views  of  the  operations  of  earth- 
quakes, we  ought  not  to  expect  plutonic  and  metamorphic  rocks 
of  the  more  modem  eras  to  have  reached  the  surface  generally, 
for  we  must  imagine  many  geological  periods  to  elapse  before  a 
mass  which  has  put  on  its  particular  form  far  below  the  level  of 
the  sea,  can  have  been  upraised  and  laid  open  to  view  above 
that  level.  Beds  containing  marine  shells  sometimes  appear  at 
the  height  of  two  or  three  miles  in  the  principal  mountain-chains, 
but  they  always  belong  to  formations  of  considerable  antiquity ; 
•till  more  should  we  be  prepared  to  find  the  hypogene  rocks 
now  in  sight  to  be  of  high  relative  antiquity,  since,  in  order  to 
be  brought  up  to  view,  they  must  probably  have  risen  from  a 
position  far  inferior  to  the  bottom  of  the  ocean. 

We  shall  endeavour  to  elucidate  the  cause  of  the  great  age 
of  the  plutonic  and  metamorphic  rocks,  now  in  siyhfy  by  a 
familiar  illustration.  Suppose  two  months  to  be  the  usual 
time  required  for  passing  from  some  tropical  country  to  our 
island,  and  that  an  annual  importation  takes  place  of  a  certain 
tropical  species  of  insect,  the  ordinary  term  of  whose  life  is  two 
months^  and  which  can  only  be  reared  in  the  climate  of  that 
equatorial  country.  It  is  evident  that  no  living  individuals 
could  ever  be  seen  in  England  except  in  extreme  old  ago.  The 
young  may  come  annually  into  the  world  in  great  numbers, 
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bat  to  order  to  sec  llicm,  we  must  travel  to  lands  near  the 
equator. 

In  like  manner,  if  the  hypogene  rocks  can  only  originate  at 
great  depths  in  the  regions  of  subterranean  heat,  and  if  it 
requires  many  geological  epochs  to  raise  them  to  the  surface, 
they  must  be  very  ancient  before  they  make  their  appearance 
in  the  superficial  parts  of  the  earth's  crust.  Tiiey  may  still  be 
forming  in  every  century,  and  tliey  may  have  been  produced  in 
equal  quantities  during  each  successive  geological  period  of  equal 
duration ;  but  in  order  to  see  them  in  a  nascent  state,  slowly 
consolidating  from  a  stale  of  fusion,  or  semi-fusion,  wc  must 
descend  into  the  '  fuelled  entrails '  of  the  earth,  into  the  r^oos 
described  by  the  poets,  where  for  ages  the  land  has 

With  saliil,  01  the  lake  villi  liquid  Bre. 
As  the  progress  of  decay  and  reproduction  by  aqueous  agency 
is  incessant  on  the  surface  of  the  continent;:,  and  in  the  bed  of 
the  ocean,  while  the  hypogene  rocks  arc  generated  below,  or 
are  rising  gradually  from  the  volcanic  foci,  thus  there  must 
ever  be  a  remodelling  of  the  earth's  surface  in  the  time 
intermediate  between  the  origin  of  each  set  of  plutonic  and 
melamorphic  rocks,  and  the  protrusion  of  the  same  into  the 
atmosphere  or  the  ocean.  Suppose  the  principal  source  of  the 
litnean  lavas  to  lie  at  the  depth  of  ten  miles,  we  may  easily 
conceive  that  before  they  can  be  uplifted  to  the  day  several 
distinct  series  of  earthquakes  must  occur,  and  between  each  of 
these  there  might  usually  be  oneor  more  periods  of  tranquillity. 
The  time  required  for  so  great  a  development  of  subterranean 
elcvatory  movements  might  well  be  protracted  until  the  depo- 
sition of  a  series  of  sedimentary  rocks,  equal  in  extent  to  all 
our  secondary  and  tertiary  formations,  had  taken  place.  We 
conceive,  tliereforc,  that  the  relative  age  of  the  visible  plutonic 
and  nietamorphic  rocks,  as  compared  to  the  unaltered  sedimen- 
tary strata,  must  always  be  determined  by  the  relations  of  two 
forces, — the  power  which  uplifts  the  hvjxtgene  rocks,  and  that 
aqueous  agency   which  degrades   and  renovates   the  earth's 
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surface ;  or,  ia  olher  words,  it  mast  depend  on  ihe  quantity  of 
aqueous  action  which  takes  place  between  two  periods,  that 
when  tlie  heated  and  melted  rocks  are  cooled  and  consolidated 
in  the  nether  regions,  and  that  wlien  the  same  emerge  to  the 
day. 

Volume  of  hypogene  rocks  supposed  to  have  been  formed 
since  the  Eocene  period. — If  we  were  to  indulge  in  speculations 
on  the  probable  quantity  of  hypogene  formations,  both  sirnti- 
fied  and  unstralified,  which  may  have  been  formed  beneath 
Europe  and  the  European  seas  since  the  commencement  of  the 
Eocene  period,  we  should  conjecture,  that  the  mass  has  equalled, 
if  not  exceeded  in  volume,  the  entire  European  continents.  The 
grounds  of  this  opinion  will  bo  understood  by  reference  to  what 
we  have  said  of  the  causes  which  may  have  upheaved  part  of 
Sicily  to  a  great  height  above  the  level  of  the  sea  since  the  begin- 
ning of  the  Newer  Pliocene  period  *.  If  the  theory  which,  in 
that  instance,  attributes  the  disturbance  and  upheaving  of  the 
superficial  strata  to  the  action  of  subterranean  heat  be  deemed 
admissible,  the  same  argument  will  apply  with  no  less  force  to 
every  other  district,  elevated  or  depressed,  since  Ihe  com- 
mencement of  the  tertiary  period. 

But  we  have  shown,  in  our  remarks  on  the  map  of  Europe, 
in  the  second  volume,  that  the  conversion  of  sea  into  land,  since 
the  Eocene  period,  embraces  an  area  equal  to  tile  greater 
part  of  Europe,  and  even  those  tracts  which  had  in  part  emerged 
before  the  Eocene  era,  such  as  the  Alps,  Apennines,  and  other 
tnountatn-cliains,  have  risen  to  the  additional  altitude  of  from 
1000  to  4000  feet  since  that  era.  We  have  also  stated  the 
probability  of  a  great  amount  of  subsidence  and  the  conversion 
of  considerable  portions  of  European  land  into  sea  during  the 
aamc  period — changes  which  may  also  be  supposed  to  arise  from 
the  influence  of  subterranean  heat. 

From  these  premises  we  conclude,  that  the  liquefaction  and 
alteration  of  rocks  by  the  operation  of  volcanic  heat  at  suc- 

•  Seu  above,  [i.  1117. 
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cessive  periods,  has  extended  over  a  subterranean  space  equal 
at  least  in  area  to  the  present  European  continent,  and  often 
through  a  portion  of  the  earth*!  crust  4000  feet  or  more  in 
thickness. 

The  principal  cffct^t  of  these  volcanic  operations  in  the  nether 
regions,  during  tlie  tertiary  periods,  or  since  ilie  existing  species 
began  to  flourish,  lias  been  lo  heave  up  to  the  surface  hypogeiie 
formations  of  an  age  anterior  to  the  carboniferous.  We 
imagine  that  the  repetition  of  another  series  of  movements,  of 
equal  violence,  might  upraise  the  plutonic  and  metamorpliic 
rocks  of  many  of  the  secondary  periods ;  and  if  the  same  force 
should  still  continue  to  act,  the  next  convulsions  might  bring 
up  the  terUary  and  recent  hypogene  rocks,  by  which  time  we 
imagine  that  nearly  all  the  sedimentary  strata  now  in  sight 
would  either  have  been  destroyed  by  the  action  of  water,  or 
would  have  assumed  the  metamorpliic  structure,  or  would  have 
been  melted  down  into  plutonic  and  volcanic  rocks. 

At  the  close  of  this  chapter  tlie  reader  will  find  a  table  of 
the  chronological  relations  of  the  principal  divisions  of  rocks 
according  to  the  views  above  set  forth.  The  sketch  is  con- 
fessedly imperfect,  but  it  will  elucidate  our  theory  of  the  con- 
nexion which  may  exist  between  the  hypogene  rocks  of  different 
periods,  and  the  alluvial,  volcanic,  and  sedimentary  fonnaliong. 
A  second  table  is  added,  containing  tlie  names  of  some  of  the 
principal  groups  of  sedimentary  strata  mentioned  in  this  work, 
arranged  in  their  order  of  superposition. 

Concludinij  Remarks. — In  our  history  of  the  progress  of 
geology,  in  the  first  volume,  we  stated  that  the  opinion 
originally  promulgated  by  Hutton,  '  that  tlic  strata  called 
primitive  were  mere  altered  sedimentary  rocks,'  was  vehe- 
mently opposed  for  a  lime,  the  main  objection  to  the  theory 
being  its  supposed  tendency  to  promote  a  belief  in  the  past 
eternity  of  our  planet.  Previously  the  absence  of  animal 
and  vegetable  remains  in  the  so-called  primitive  strata,  had 
f  been  appealed  to,  as  proving  tliat  there  had  been  a  period  when  , 
the  planet  was  uninhabited  by  living  beings,  and  when,  as  w 


TM 
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B  inferred,  it  wqs  umtihabitable,  aii<],  therefore,  probably  in 
tnascenl  state. 
The  opposite  doctrine,  that  the  oldest  Tiaible  strata  might 
■be  the  monuments  of  an  antecedent  period,  when  the  animate 
IworM  was  already  in  existence,  was  declared  to  be  eciiiivalent 
I  the  assumption,  that  there  never  was  n  beginning  to  the 
It  order  of  things.  The  unfairness  of  this  charge  was 
Bclearly  pointed  out  by  I'layfnir,  who  observed,  '  that  it  was 
t  thing  to  declare  that  we  had  not  yet  discovered  the  traces 
I  of  a  beginning,  and  another  to  deny  that  tlie  earlli  ever  liad  a 
I  b^;inning.' 

We  regret,  however,  to  6nd  that  the  hearing  of  our  argu- 

I  ments  in  the  first  volume  has  been  misunderstood  in  a  similar 

,  for  we  have  been  charged  with  endeavouring  to  esta- 

I  bJish  the  proposition,  that  '  the  existing  causes  of  change  have 

operated  with  absolute  uniformity  from  all  eternity  *.' 

It  is  the  more  necessary  to  notice  this  misrepresentation  of 

our  views,  as  il  has  proceeded   from  a  friendly  critic  whose 

I  theoretical  opinions  coincide  in  general  with  our  own,  but  who 

t  has,  in  this  instance,  strangely  nnisconceived  the  scope  of  our 

I  argument.    With  equal  justice  might  an  astronomer  be  accused 

[  of  asserting,   that  the  works  of  creation  extend  throughout 

infinUe  space,  because  he  refuses  to  take  for  granted  that  the 

remotest  stars  now  seen  in  the  heavens  are  on  the  utmost  verge 

of  the  material  universe.     Every  improvement  of  the  telescope 

has  brought  thousands  of  new  worlds  into  view,  and  it  would, 

therefore,  he   rash  and  un philosophical  to  imagine  that   we 

already  survey  the  whole  extent  of  the  vast  scheme,  or  that  it 

will  ever  be  brought  within  llie  sphere  of  human  observation. 

But  no  argument  can  be  drawn  from  such  premises  in  favour 
of  the  infinity  of  the  space  ibat  has  been  fllied  with  worlds  ; 
and  if  the  material  universe  has  any  limits,  it  then  follows  that 
it  must  occupy  a  minute  and  inHnitessimal  point  in  infinite 
space.  So,  if  in  traein/;  back  the  earth's  history,  we  arrive  at  the 
monuments  of  events  which  may  have  happened  milliona  of  ages 
•  QumiBrly  Review,  No-  B'i,  Oct.  1830,  p.  464. 
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before  our  times,  and  if  we  still  find  no  decided  evidence  of  a 
commencement,  yet  tlie  arguments  from  analogy  in  support  of 
the  probability  of  a  beginning  remain  unshaken ;  and  if  the 
past  duration  of  the  earth  be  finite,  tlien  the  aggregate  of  geo- 
logical epochs,  however  numerous,  must  constitute  a  mere 
moment  of  the  past,  a  mere  infinitessimal  portion  of  eternity. 

It  has  been  argued,  that  as  the  different  slates  of  the  earth') 
surface,  and  the  different  species  by  which  it  has  been  inhabited, 
liave  had  each  llieir  origin,  and  many  of  them  their  termina- 
tion, so  tile  entire  series  may  have  commenced  at  a  certain 
period.  It  has  also  been  urged,  that  as  we  admit  the  creaiion 
of  man  to  liave  occurred  at  a  comparatively  modern  e]xich— 
as  we  concede  the  astonishing  fact  of  the  first  introduction  of  a 
moral  and  intellectual  being,  so  also  we  may  conceive  the  first 
creation  of  the  planet  itself. 

We  are  far  from  denying  the  weight  of  this  reasoning  from 
analogy;  but  although  it  may  strengthen  our  conviction,  that 
the  present  system  of  change  lias  not  gone  on  from  eternity,  it 
cannot  warrant  us  in  presuming  that  we  shall  be  permitted  to 
bfjiold  the  signs  of  the  earth's  origin,  or  the  evidences  of  the 
first  introduction  into  it  of  organic  beings. 

In  vain  do  we  aspire  to  assign  hmits  to  the  works  of  creation 
in  space,  wlictJicr  we  examine  tiie  starry  heavens,  or  that  world 
of  minute  animalcules  which  is  revealed  to  us  by  the  microscope. 
We  are  prepared,  therefore,  to  find  that  in  time  also,  the  confines 
of  the  universe  lie  beyond  the  reach  of  mortal  ken.  But  in 
whatever  direction  we  pursue  our  researches,  whether  in  time 
or  space,  we  discover  everywhere  the  clear  proofs  of  a  Creative 
Iiitelligeiice,  and  of  His  foresight,  wisdom,  and  power. 

As  geologists,  we  learn  that  it  is  not  only  the  present 
condition  oftheglobe  that  has  been  suited  to  the  accommodation 
of  myriads  of  living  creatures,  but  that  many  former  slates 
also  have  been  equally  adapted  to  the  organization  and  habits 
of  prior  races  of  beings.  The  disposition  of  the  seas,  conti- 
nents, and  islands,  and  the  climates  have  varied  ;  so  it  appears 
that  the  species  have  been  cliangetl,   and  yet  they  have  all 
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80  modelled,  on  types  analogous  to  those  of  existing 
plants  and  animals,  as  to  indicate  throughout  a  perfect  har- 
mony of  design  and  unity  of  purpose.  To  assume  that  the  evi- 
dence of  the  beginning  or  end  of  so  vast  a  scheme  lies  within 
the  reach  of  our  philosophical  inquiries,  or  even  of  our  specu- 
lations, appears  to  us  inconsistent  with  a  just  estimate  of  the 
idations  which  subsist  between  the  finite  powers  of  man  and 
the  attributes  of  an  Infinite  and  Eternal  Being. 


Vol.  III.  %  ^ 


RELATIVE  AGES  OF 


1 


ShovAwj  the  Rehlions  of  the  Allavial,  Aqueous,  Fotcanic,  and 
Hypogene  Forvxationu  of  different  age*. 


Beds  of  existing  riven,  tc,  l^i. 

Cucal  nefi   of  Ihe  Pacific,  fd.  ii. 
ch.  iviii. 
^   of  Lake  Superior,  &e.,  loL  i. 


(he  Rhiue— gTBTel  eorerioi! 
Newer  Pliocene   ilnU  of 

Sicily. 

vsi  ili  Nolo,  Scily. 

CuUe,  in  Tiuuny. 

Val  di  Noto,  Sicily. 

Concra/frf.-fociaFKnvetPliDceiieiDl- 
canoi— underneath  the  Vil  di 
Nut 0,  Tol.  iii.  p.  1 07,  and  ch.  nr, 
ncealei;  near  the  fod  of  Never  Pli- 
ocene TolraJiDB — undecneath  Um 
Val  di  Nolo,  vol  iii.  p.  109,  uA 


Keoi  Sienna,  ToL  iii.  p.  160. 

TuBcanj-.ToLiii.  i>.  159. 

'  Cowcra/frf ,-    foci  of  Older  Pliocfix 

vukaaos — beneath  Tuicany. 
Cbncra/n(,-  prububly  neai  Ibt  WW 

Moot  Perrier,  Auveigne — Oticlliiii 

vol.  iii.  p- 217. 
Bonleatix.     Dax. 

Saucats,iiearBordeaux,TDl.iii.p.0ir- 
HuDKary,  vol.  iii.  ch.  in. 
Coacealed;  foci  of  Miocene  TalaM 

^beneath  Hun^aiv. 
Coneea/fd;  piababty  around  the  tux 

Summit  of  North  and  Soiilh  Ddw»? 

vol.  iii.  p.  311. 
Pnria  and  London  barioa.  J 

Ikle  of  Wight — Auver^cne,  ■■ 

Old  eat  vulcanic  nicka  otlbcI.|afK 

d'Auverpie,  vol.  iii.  eh.  lii. 

rro/rrf  ;  luci  pI  Eiicrne  »ole»»»- 

beiirnlh  t  he  L  imoKtic  d'Auwft 
r  CimiKBlid  i  probably  ohi  tbe  v 


DIFFEXBTtT  VORMATIONS. 

TABLE  I.  conlinued. 


IAIInviftL 
Volcmic. 
Hypopne.  j 


fAlhivial. 

8.  Wealden  -'^1"^'«-     ' 
group.      \ 

lllypogeae. 


....      Puttlonii '  Dirl-bed." 
.  Marine. 
r     .      ,         (Weald  of  Surrey,  Kent,  and  Suisez, 


3.  Oolite 
BTOiip.      ' 

H.TilbletI. 


[■Alluvial. 

Aqueo,.,. 

Vulcanic. 
VHypDgenc. 

l-AlluTJst. 


<«.  Marin, 
\b.  Fresh. 


4.  Liai 

etoup. 

L  Table  II. 


Vulcanic. 

'-Hypogeoe. 
MuTial. 


Oifatil.     Bath.     Juifl  chain. 

Hebtiiks? 

fa.  Fkilonic.  Concenkd;  beneath  the  Hebiidei, 

\fi.  Melamaiphic- 

fn.  Marine,  Lj-me  Regis.     Whilbj.     Aberthaw. 
\b.   Ft«,hwaler. 
Uebriilei? 


f 

■■1  Aqueous 
cfuUrn.   Vulcanic. 
iHypogew 


1.  MeUmorphic.{*'P*^/,^j^ 


i.p,  371.   Valomin 


,      .,    .  (Cheshire.       Staffgrdihire.       Voigei. 

[a.  Marine.  |         Westphalia  (Mufehalkalk). 

\b.  Freshwater. 

Near  Eieler,  Devon. 

fa.  Plulonic.  Conciakdi  beneath  Devonihire  ? 

I*.  Me  tarn  Orphic 


.    Carboni-r'l'"' 


Clifton.    Dudley.    Mendip.      [Fife. 

Coal  measure*  of  Someraeliliire  and 
/Forfarshire.     Edinburgh.      Dnrham. 
I         High  Teeidale. 
1  Gjneta/pc/;  beneath  Edinburgh,  North- 


\ 


umberland,  Durban 


,.    i  Neat  the  Plutonic  tock«  nttbe 
•,.  Melamorpbic  \        ^^^ 

2  C  2 


DIAGRAM 

Shewing  the  relalioe  position  tohich  the  Plutonic  tuASA-i 
mentary  Furmatiotu  of  different  ages  tnatf  oecupij; 
(in  illuMtration  of  Table  I.) 
No.  91. 


Is  the  kbote  dingrani  *o  attempt  U  moile  la  ihnr  the  bvcfM  ordei  in  w}oA 
the  Rilimmlary  and  jihitonic  forniiktiDnt  mnjr  occoi  in  tlie  csrlh'a  amli  hiUk- 
[KMJtiun  in  the  |)liilonic,  like  aiiperposil  ion  in  the  (edimcntoiy  rocki,  bong  for  Ita 
most  part  charocteiiktic  uf  a  new«r  a^^.  By  aid  of  this  illuxtration,  and  wbiln 
hoTE  said  in  CliRp,  25  and  26,  the  reader  will  comprehend  whj  •«  large  a  porijoa 
of  the  pluloDic  rocks  of  Inter  pertiHli  are  concealed,  and  why  the  mora  ancient  of 
this  cliua  hate  rista  nearest  to  Ihe  lurfoce,  to  at  to  have  been  denoded  in  m«h 
legioni  ddJ  eiposed  Id  view. 


*  The  primary  farm  at  Mm  here  mentioned  arelhote,  wbetlier  ttratifiedniB 
itratified,  which  are  older  than  the  catboniferoiu  depoiita. 


TABLE  II. 


«*M» 


Unity  the  Order  of  Superposition,  or  Chronological  Succession^ 
of  ihe  principal  Sedimentary  Deposits  or  Groups  of 

Strata  in  Europe. 


■•Tftble  if  referred  to  in  the  Glowary,  and  includes  the  Secondary  Formations  alluded 

to  in  this  Work,  but  not  described  in  detail. 


B 


of  the  piiaclp«l  Memhtrt  and  general  Mineral  nature  of 
Um  Vonaaatim. 


Some  of  the  I.ocaUUe«  where  tbe 
Konndtion  occur*. 


The  deposits  of  this  period  are  for  the  most  \iaii  concealed  under 

existing  lakes  and  seas. 


Consolidated  sandv  and  graTelly  beds  (a), 
travertin  limestones  (6),  caloureoiis  sandstones 
with  broken  shells  (c),  coral  limestone,  consist- 
ing of^corals,  shellsi  &c.  (</) 


Marine. 

Limettone,  sands, 
dxytf  sandstones,  con- 
glomerates^ marls  with 
gypsum ;  containbg 
marme  foisib  (a). 


Freshwatbu. 
Sands,  clays,  sand- 
stones,   lignites,   &c. ; 
containing    iond  and 
/rethwaier  fossils  (6). 


a.  Delta  of  the  Rhone. 
6.  Tivoli,  and  otho'  parts 

of  Italy. 
e.  Shore  of  island  of  Giui- 

daloupe. 
d.  Coral  reels  in  Pacific, 

&c. 


a.  Sicily,  Ischia,  Morea  ? 
6.  Colle  in  Tuscany. 


9 


•si 


\ 


Subapennine  tnarff 
Smbapennme  i/ellow 
tamd,  EngiUk  *erofff* 
and  other  deposits,  as 
in  B,  containing  wutrime 
foesila  (a). 


Similar  deposits  to 
B ;  containing/tiNc/and 
freshwater  fossils  (fi). 


a.  Subapenniuo  forma- 
tiouB,  Per})ignan,  Nice, 
Norfolk  and  Suffolk. 

6.  Near  Sieuna,  &c. 


Fubmt  of  the  Loire, 
and  other  deposits  of 
similar  mineral  compo- 
sition with  B  and  C, 
containing  martiie  ibt- 
tib(a). 


Similar  deposits  to  B 
and  C ;  containing 
iand  and  freshwater 
fossils  (6). 


a.  Touraine,  Bordeaux, 
Valloy  of  Bormida,  Su- 
])erga  near  Turin,  Ba- 
sin of  Vienna. 

6,  Saucats,  twelve  miles 
south  of  Bordeaux. 


1.  Marilrkhl  Brdi.—EB.Tibj  yibitc 
sembling  cliulb  (muiiie). 


2.  Chalk  mlhJiMU  (jDiamt). 


3.  Chalk  wLlhuut  niotii  (uit 


4.  Upper  gnei  land  (maiini:).— 
Marty  alone,  ami  Hmd  ntlh  gri:eii 
particleii;  layers  uf  c^cureous  saad- 


5.  (.'a u/i  (marine).— Blue  clay, with 
umemi.«  faitili,  liBMioB  into  ealia. 
sous  rooil  in  the  luwcr  parts. 


6.  Lowrr  green  laHd  (marine),— 
Grey.  yellowiBh,  and  grreniih  ssndi 
ftmigiiiou*    — ■■-    -- '    — ->— — 


Biliceoua  limeBtunea. 


I.  IftoW  r/fly(rresliwater).— Cloy, 
for  tlie  must  |>artni1haut  iulermut- 
tur«  of  calcareous  lunlter,  sometimc'S 

ludingthin  twils  otumd  and  thelly 


St.  Peter'a  Mount,  Maestri 


i 


Nuilb  and  South  Dor 
parts  of  the  ialerrening  If 
Ktnt,  SiiTTsy,  and  Siumx. 

Isle  uf  Wight,  cowti  ol 
shi™  and  DarKlahiir,  Yi 
North  of  Ireland. 


r 
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TABLE  11.  conlinuud. 


.  Fcrlhndieili(m!aine). — Coarse 
ihelly  limeatone,  Gno-gtaiiied  whita 
limeftone,    compict   limBstons  —  all 


2.  Sim.neridgg  cUg  (marine)— 
Blua  Bnd  greyiah-ytllow  sUly  clny, 
coutaiiiing  gypium,  iHtuminous  state 
(Kimmcru])^  coal), 

3.  Cirn/ i-oj  (marine), — Cnlcareoiia 
ihelly    bcesiones,      largely    oolitic; 

e  liawitone,  full  of  coralsj   yel- 
low sands;  calcareous  siliceous  griti. 


4,    Orfird  rtny   (marinB).— Dark 
ue  tenacious  clsy  with  Bui>taiia,  bi- 
iniiDDuss1ia1e,saDily  limestone  (Kul- 
loway  rock],  iron  pyrites,  gypnini. 


I.  Combraah  (mi 
bUiish  TiibLly  iimtst 
layer,  of  clay, 


6.  Fortil  marble  (marine).— CaU 
careo-siliceous  sanil  and  |{rititone  j 
tbia  fiisile  beils  of  timestune,  with 
day  partings ;  coaiae  blielly  liinestoue. 


7.  Gmt  mlile  (marine).— White 
and  yellow  oolitii:  calcareous  fieettouc, 
coarni  shelly  limestone,  layers  of  clay. 

Oolitic  limestone,  with  remains  of 
land  animals,  bird>,  amiihibia,  plants, 
i«s-ihells  (a). 


Ueadinii;ton,  near  Oxford — FnTiiQif- 
on,  in  Berkshire— Calue  and  S'ee|iTe 


Ashlon  iu  Wiltihiri 


New  Mallon,  ia  Yortuh lie— Lin- 
colnshire —  Cainbrid|{B»hira  —  Hun. 
tingduashire,  and  midland  counties — 
abundantly  neii  Oxford—" 
sh  i  re — DorSBlahire. 


Ketlcrin);,  iu  Northamptonshire — 
Balh— Buitbrd,  in  Oxfordshire— 
Bradford,  in  Wiltihire. 

(a)  SloneaGeld,  near  Woodstock, 
Oxfordshire. 


le  fossils  BI  those  occurring  in  lh( 
stilute  the  main  body  of^the  Ji. 
tracts  of  caunliy  in  Germany. 


Cutteswuld  Hills  —  Dundry  Utll, 


rs,  laaili,  and  sandstoa*,  cdntalnins 

series  of  the  oolitic  (ccoup  of  Bn^ 
■  chain  of  moiinlaini, 
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TABLE  II.  continued. 


1 


IJoM  (murine).— Blue,  while,  and 
jellon  vanhy  liineHtune,  unully  iu 
Ihin  beds,  intent  tali  Bed  vi'h  cUj, 
>rten  stair  and  bitiuniooiH. 

Djiik  IjIuu  mul,  Hith  a.  ftiw  im)^- 
lu  rubbly  limcsloDe  beda — sandy 
muliitaiie. 


Lyma  ReRis,  in  Duiwtihiie,  iiut 
1  niBny  putt  of  SomeisetahiTe,  OIod- 
Mlenliiie,  Warwirkahin,  Notlue- 
ininhire,  and  ¥QrkshiT>^— io  Siillia. 
luidihire,  the  Hebrides,  and  NoilliaC 
id. 
France,  and.  In  a  conndetibla 


Neighbourhood  of    Vone**  moiio- 

tains,  aud  many  parts  of  Wuri«td»g 

I    and  Westjihalia,  and  other  part*  a 


2.  At^ichtikalk  {marine),— Grer, 
blue,   and   bUckiili   limeatoDe,  w'  ' 
many  tuuils,  paitieuiarly  eiicrinit 
''*cei>u>  layers  aad  nodules ;  mag 
D  Limestone,  marli  of  diOercnt 
luun,  ^-paiim,  and  rock-nil. 


EiteuBively  developed  in  Gwm 
and  Finnre.   Hilherlu  no  bed*  in  En^ 
land  have  been   identified  with 
fu  email  uQ, 


Forirgaled    mmdtltme.  — 
while,  blue,  and  greun  wlireo-a 

Qntuiaing  gy[»um  and  rock-i 


NotlinghBTnahire— Yorkshire.  It 
ia  uncerfain  whether  the  variegaltd 
sandiituDe  of  Kngland  belongs  to  Ibe 
Keujier  formation  of  Germanj',  or  to 
Ihe  lativgaled  aandafono  which  lin 
uixder  Uie  Muschclkalkio  WeOfba^ 
Wuitemberg,  the  Voigel,  && 


Compact  (helly  limoslone,  yellow 
naKiiesian  limeitone,  inarl  slate,  red 
nari,  and  gypsum. 


NDltin|;hamihire,  Derbyihirr,Y((k 
shire,  Durham,  Norlhumbeiland. 

Depirtmeots  of  Saone  and  LiHit, 
Harti  mouDtairU,  Thuringia,  Wot- 


Neighbourhood  of  Exeler— T«t- 
shite  —  Durham — Wealphalia — Wi* 
tembcrg — Voiges  mountain*. 
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TABLE  II.  eontitaied. 


1.  Coot  mnturtM  ({ntttwaXti  ?).— 
SaiHiitDne>,^l8,  cDOgI  Dmctulet,  clay  ■ 
vilh  iioDiloDe,  ihaleitianil  limeitone, 
iultittratifirJ  Hilh  beds  of  coal. 


NorlhumbeiUnil,  Durham,  York- 
ahire,  Lancashire,  D<jib}Bliiri!,S(airurd- 
•hire,  Hluuci^ttrthire,  Suiiier>el  shire, 
SoulhVVBl»,VslleyB  or  the  Forth  and 
Cly<1e. 

piitriel  of  Liege,  Westphalia,  Si- 


I  Gii'y,  cumpoet,  anil  erfitalliuu  lime- 
htaiic,  abuunding  in  lead  on:  in  North 
of  England,  and  alteroating  with  coal 
mtaiureii  In  Scotland. 


Mendip  Hilli,  SoiDCCietiihire,  Der- 
bfahire,  Yorbshiie,  Lani;aBliin;,;WeBt- 
uioreland,  Oucbam,  Nottbiimbm-lanil, 
Lanaikahinr,  Lialilhgowahire,  niany 
parli  of  Ireland. 


atulilaHC — Coane  and 
.Ddilonea  and  conglo. 
Qus  cqIouts,  red  pndo- 


ExIvnuvEly  dvTelojicd  in  ShropBhlra 
and  Hfo^furdshire.  BrecknucluhirB, 
DumfriL-tthire,  rotfarshirc. 

Sikiij,  Bubemio. 


Granifacte  and  Iraniilian  limf- 
•  (marine). — Coarse  nod  fiiiu 
alates,  lamlatonci,  and  cunglomentet 
^-crjitiUliue  limeilonei. 


Weelmori-land,  Cumbertand,  Wales, 
Someibi'lkliice,  Duvontliire,  Soiilh  of 
Scollaiid,  South  of  Iruland. 

North  of  Fnuiee,  Noith-wBil  at 
GcimaDj,  ftc* 
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APPENDIX  I. 


object  of  these  Tables  it  to  give  a  littt  not  of  the  characteHstic 

is  of  the  different  tertiary  formations*  of  which  some  figures  are 

tn  in  plates  1,  2,  and  3,  but  to  show  the  connexion  of  different  periods 

indicating  the  shells  common  to  two  or  more  periods,  or  common  to 

xie  tertiary  period  and  to  the  recent  epoch* 

The  names  also  of  a  considerable  number  of  species  are  given,  as  bein^ 
*\ind  common  to  two  or  more  formations  of  the  same  tertiary  period. 
^  c  localities  where  the  fossil  species  are  met  with,  and  the  known  ha- 
^iions  of  the  living  species,  are  also  given. 

No  allusion  is  made  to  wny  secondctry  foswl  shells;  the  word /o«n7, 
there  fore,  must  always  be  understood  to  refer  to  tertiary  formations. 

The  number  of  species  of  recent  and  fossil  shells  which  were  examined 
snt  >mpared  in  constructing  these  tables  amounted  to  7,816,  as  fol- 
lows.— 

Llvtaf  BpcdM.  PomO  Bptclw. 

UniTilves     .    3,616        •         •         •         •    2,098 
BiTalves       •     1,164        •         .         •         •       938 

4,780  3,036 

Of  these  3,036  fossil  species,  426  were  identified  with  individuals  found 
among  the  4,780  living  species ;  123  of  them  are  only  known  in  a  fossil 
state,  but  are  mentioned  as  being  common  to  more  than  one  tertiary 
veriod;  and  233  are  enumerated  by  name,  although  not  common  to  two 
tertiary  periods,  or  to  some  tertiary  period  and  the  recent  epoch,  merely 
because  they  have  been  found  in  two  or  more  formations  of  the  same 
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period.    Thus  the  number  of  fossil  species  named  in  liie  tables  amounts 

to  782,  consisting  of — 

Spieiei  fuund  kolh  living  anil  fussil       .         .         .         ,        42G 
Specie!  fuinl  only,  but  cooiaiaa  to  moro  iHan  oue  lertioiy  period  ]'23 
Species  foisil  only,  aod  uamed  merely  an  Euund  in  tno  or  inoie 
furnmlLuiis  of  the  Earns  pciiod         ....         233 

7S2 
A  few  will  be  found  without  specific  names,  because  Ihey  have  nal  yet 
been  described  or  named  by  any  authors. 

The  tables  are  continuous  froin  p.  2  to  p.  45,  and  the  descii|itiaD  of 
each  species  extends  across  Iwo  pnges. 

The  following  examples  Mill  best  illustrate  tlie  object  of  the  tablet.  II 
we  take  the  first  genus,  Asper^illum  (p.  2),  we  find  that— 
Culumn  1  gives  the  name  of  the  genua. 

„       2  shows  that  four  living  species  of  the  genus  are  known  In 

M.  Deshayes, 
„       3  that  he  has  seen  one  fossil  species. 

4  is  leA  blank,  because  the  single  fossil  speraes  has  nol]«t 
been  identified  with  any  living  species. 
„       5  is  also  blank,  because  the  fossil  species  is  only  known  \a 
one  period  or  formation. 

„       G  is  also  blank,  because  the  Fossil  species  not  having  been 

identified  with  a  living  speciet,  it  was  unnecessary  la 

menlion  the  habitation  of  any  of  the  four  living  speciei. 

The  columns  of  the  thi-ee  perioda  arc  left  blank,  because  the  fossil 

species  has  not  been  found  in  more  than  one  period.    In  the  column  nl 

localities  on  the  right  of  the  right-liand  page,  in  Ihe  subdivision  headed 

Bordeaux,  llie  figiue  1  denotes  that  one  species  of  fossd  Aspergillum 

has  been  found  in  that  locably. 

To  select  another  example :  if  we  lake  Ihe  genus  So!en  (p.  2),  we  find 
that— 

Column  2  shows  that  twenty-six  living  species  of  Ihe  genus  a 
known  to  M.  Deshayes 
3  that  he  hna  seen  nineteen  fossil  species  of  Ihe  genus. 


^^^^^         Column     s 

^^^B  3 1] 
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Column  4  gives  the  name  of  the  species  Solen  vagina^  because 
that  species  is  found  both  living  and  fossil. 

„  5  is  left  blank,  because  the  names  of  those  species  only  are 
placed  in  this  column  which  have  no  living  analogues, 
but  are  found  in  more  than  one  period,  or  in  more  than 
on^  formation  of  the  iome  period,  [Thus,  in  the  next 
line,  Solen  siliquarius  has  no  living  analogue,  but  it 
occurs  in  two  formations  of  the  Miocene  period,  viz.  at 
Bordeaux  and  in  Touraine.] 

„  6  shows  that  the  living  species  of  Solen  vagina  inhabits  the 
European  Ocean  and  Mediterranean. 

;  The  two  asterisks  in  the  column  of  the  Pliocene  period  show  that  the 
species  is  found  in  two  formations  of  that  period,  viz.  in  the  Subapennine 
hills  and  the  English  crag. 

The  asterisk  in  the  column  of  the  Miocene  period  shows  that  this  spe- 
des  is  found  in  the  basin  of  Vienna. 

The  word  Baden  in  the  next  column  indicates  that  the  species  is  also 
found  fossil  in  that  locality. 

The  column  of  the  Eocene  period  is  blank,  because  the  shell  has  not 
been  found  in  any  formation  belonging  to  that  period. 

The  figures  in  the  column  of  localities  will  be  understood  by  what  we 
said  above.  In  summing  up  these  figures  it  will  be  found  that  they 
amount  to  thirty-one,  whereas  it  is  stated,  in  the  third  column  of  the  left- 
band  page,  that  only  nineteen  fossil  species  have  been  found.  The  dis« 
agreement  arises  from  this— that  the  same  species  occur  in  more  than 
one  locality,  and  thus  come  to  be  counted  more  than  once  in  the  column 
of  localities. 

N.  B.  In  some  cases,  before  the  totals  of  the  species  in  the  columns  of 
localities  can  tally  with  the  figures  in  the  third  column,  the  species  enu- 
merated in  the  supplementary  table  of  localities,  p.  46,  must  be  taken  into 
account. 

A  note  of  interrogation  added  to  the  asterisk  (*?)  indicates  a  doubt 
as  to  the  correct  identification  of  the  shell,  either  because  the  shell  is  a 
Tariety  which  has  a  somewhat  distant  analogy  to  the  recognized  type  of 
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the  specief,  or  because  the  specimen  examined  was  in  rather  an  imper- 
fect state. 

The  specific  names  of  the  tertiary  fossil  shells  which  have  been  found 
by  M.  Deshayes  to  belong  to  one  period  only,  and  for  which  he  has  not 
yet  discovered  any  living  analogues,  are  not  given,  as  their  enumeratioo 
would  have  required  more  space  than  could  be  allotted  to  such  a  subject 
in  a  treatise  on  Geology ;  but  their  aggregate  number  is  included  in  the 
subdivisions  of  the  column  in  the  right^iand  page  headed '  No.  of  species 
in  each  genus  in  the  following  localities,'  and  in  the  supplementary  tabk^ 
p.  46. 


APPENDIX  I. 


TABLES    OF   FOSSIL  SHELLS, 


BY 


MONS?^  G.  P.  DESHAYES, 

Member  of  the  Geological  Society  qf  Paris,  ^. 


I.B.  For  a  full  explanation  of  the  object  of  these  Tables,  and  instruetioni 
as  to  the  manner  of  using  them,  see  the  preceding  four  pages. 
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Meditm.    .   . 
Mediletr.    .    . 

ibid.      .   .   . 

ibid.      .    .   . 

• 

..    caudata     .    . 
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CUviaina.   . 
Uvigerina    . 
BuUmina.    .1 
ViUulina     . 

Sotalia     ,    .  2 
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GyroiJina    . 
Ttuncatulina 
PlBDulina     . 
PlanorbuUna    4 
Operculina  .    3 
Soldania  .   .   3 

Auomilina  .    3 

1  bulloidea  . 

3      

4      

r    

2      

globulaiix 
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iUd.      .   .   . 
C.j™«  .   .   . 

Mediterr!   ' 
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ibid.    .  .  . 

ibid.  Ind.  Oc 
European  Ocean 

• 

• 
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Angen 
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1 
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10 


4 
1 
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1 
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cossLa    .    .    . 
tubereulata  . 

•  ;  ;  ;  ( 

Coast!  of  A&ica 

Ailriatic   .   .   , 



EtisgdcTi 
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Triloculinii   . 

ArtieuUna    . 
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ibLd,Mad.g„, 
ar.WeUludMa; 
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ibid 

ibij 

r 

■■ 

depre»a  .  . 

Iri  -ouul 

^ 

...            J 
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Wat  India.    . 
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Med'feti 

bicmnata     . 
.minulum  . 

ibid. 
Si  Helena 
Mrditctr.  .   .   . 
ilnd 

J 

1 

OibicBliDB  . 
AlveuUnn.    . 
F«lm1mB.   . 

1 

J 

J 

(   45    ) 


i 


Aogert,  Nanus 


•    •    •    •    • 


•    •    •    •    • 


VariBos 

LooditiM. 


I 


Valog^es. 


} 
} 
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Valognes 


No.orgpwlw 


te  tiM  MtoirlK  I<M>1W«' 
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14 


} 


i 


2 


^^^■^                            <    46     )                     1 

^^^^          SUPPLEMENTARY  TABLE, 

1 

1 

1 

thfl 

1 

(ireceJing  table). 

1 

1 

OESEKA. 

1 

1 

1 
1 

1 

^ 

I 

1 

i 

1 

1 

5 

t 
1 

1 

} 

J 

1 

} 

1 

1 

i 

1 

i 

1 

il 

i\ 

Cyda.    ,    .    . 
Cyeu,   .    .    . 
TiiJacna    ,   . 
PeriK.    .   .  . 
Peeten   ,  .  . 
UmmteB    .   . 
Helk.   .   .   . 

P.p» 

Bulimm.    .    . 
Achatlun    .    . 
Pliinorbii   .    . 
L[mu«a  ,   .   . 

PuludiuB     .     . 

AnipuUuia    . 
CerilMum  .   . 

I 

6 

4 

i 

1 

1 

■ 

;: 

1 

t 

4 

2 

s 

4 

1 

1 

2 
1 

1 

1 

1 

3 

3 

e 

4 

a 

3 
3 

1. 

1 

s 

.  )  . 
...  ' 

J 

r 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

■ 

1 

1 

1 

1 

GENERAL    RESULTS 


PLIOCENE  PERIOD. 
Italy,  Sicily,  the  Morca,  Perpi°7ian,  and  the  English  Crag.    The  fossili 
of  Perpignan  and  Ihe  Morea  are,  with  the  exception  of  three  or  four 
species,  the  same  as  those  of  Italy. 

tn  Italy    .    569,of\¥hich  238  are  still  living,  and  33 1  extinct  (orunAnotcn) 
Sicily  .    -HB      „        316  „  to 

The  Crag  1 11      „  43  „  CS  „ 


No,  of  spedes  common  lo  IlfUy  and  Sicily        ,       103 
Ilaly  and  Ihe  Urag*  4 

Sicily  and  llie  Crag  4 

Italy,  Sicily,  and  Ihe  Crag  IS 

129 
No.  of  species  proper  lo  Ricily  .      65 

lo  Ihe  Crag    .      33 
By  subtracting  from  Ihe  total  number  of  species  enumerated 

as  belonging  to  the  alxive  localities      .  .  .  906 

those  species  which  are  common  to  different  localities  .       129 

We  find  the  real  nnmberof  Ihe  species  of  this  epoch  lobe  .      777 
The  number  of  living  analogues  is  350,  which  i»  in  Ihe  proportion  of 
49  in  lOU. 

MIOCENE  PERIOD. 

Bordeaux.  Das,  Touraine,  Turin,  Baden,  Vienna.  Moravia,  Hungary, 
Cracovia.  Volhynia,  Podolia.  Transylvania,  Angers,  and  Roncat. 

The  species  of  Moravia,  Hungary,  Cracovia,  Volhynia,  Podolia,  and 
Transylvania,  are  the  same,  with  a  very  few  exceptions,  as  those  of 
Vienna  and  Baden. 

•  The  itatement  that  tlieie  are  oiily  4  (pecies  caminon  to  llaly  nnd  Hie   Crag, 

may  tvcm  iiicunsiiileut  villi  Ihe  fncl  tlml  IS  are  cammoii  to  tfaoEie  {ducn  nad  Id 
Sicily ;  bill  the  reader  will  uDdenlanil  Ihal  Ihera  ore  only  4  Kiiecii'S  which  us 

Fitnfene  lacalilg.     The  asme  rsmark  is  applicable  to  limilac  Htatemeuls  ia  Ihe 

f  Eoncn  may  very  probuhly  belan|;  to  llie  Eocene  epoch ;  but  in  thii,  u  in  le- 
ipect  to  B  few  other  lucBlities  mtntiuni'd  iu  the  tabUi,  the  DumLiet  ot  aniloguei  il 
tw  imitll  to  lead  lo  cerlua  cuacluiiiuns. 


4 


Bordeaux  &nd  Dax*  59-1,  of  which  136  are  sliU  hving,  and  4S8  exlinct 


Touraine      .         .     398 

6 

Turin           .         .       97 

1 

Vienna         .        .     124 

„         33 

Baden          .         .       99 

26 

Angers        .         .166 
Konca          .         .      40 

.,         25 

1418 

Common  to  Bordeaux,  Dux 

Touraine 

ib.          ill. 

Tui'in 

ib.  ib,    Vienna 

ib.  ib.   Bailen 

ib.  ib.   Angers 

ib.         ib.    Konca 

ib.  ib.   Touraine  and  Turin 

ib.  ib.    Touraine  and  Vienna 

ib.  ib.   Touraine  and  Baden    . 

ib.  ib.   Touraine  and  Angen 

ib.  ib.   Touraine  and  Ronca     . 

ib.  ib.   Touraine,  Turin  and  Vienna 

ib.  ib.    Touraine,  Turin  and  Angers 

ib.  ib.    Touraine,  Vienna  and  An^ra 

ib,         ib.   Turin  and  Vienna 

ib.  ib.  Turin  end  Ronca 

ib.  ib.    Baden  and  Angers 

Touraine  and  Angers 
Touraine  and  Turin 
Touraine  and  Vienna 
Touraine  and  Baden 
Turin  and  Ronca 
Vienna  and  Angers    . 
Angers  and  Ronca     . 
Touraine,  Vienna  and  Baden        . 
Touraine,  Vienna,  Angers  and  Baden 
Bordeaux,  Dax.  Touraine,  Turin,  Vienna  and  An^rs 

ib.  ib.  ib.       Turin,  Vienna  and  Baden 

ib.  ib.  ib.       Vienna  and  Baden 

ib.  ib.  ib.       Vienna,  Angers  and  Baden 

Carried  over 


•  There  m 


US  ipedei 


iDiLliiag  a  loUt  of        .  .        910 

[  but  rrom  the  greal  aumbei  of  ipeciei  common  to  Ihe  liia  lucalitiiii  there  «n,  i 
I  Ratily,  only  !)94  specica,  a*  above  meatioaed. 


w 

■Common  to  BoT 


■in.Vienna.  Angers&Baden  I 
ib.  ib.  Angers  and  Baden  .  .  2 
ib.  Vienna  and  Baden  •         •         .        4 


By  adding  to  the  above  134  species  which  are  common  t 
Miocene,  and  the  Iwo  other  epochs         .        , 


134 


(he  total  number  of  analogues  will  be  found  to  be        .         .  397 
By  subtracting  from  the  total  number  of  species  of  the  above 

localities          .         ,         .        .         .                  ,         ,  141 B 

those  species  which  arc  common  to  different  localities      ,        ,  SSf 

We  find  the  real  number  of  species  of  this  epoch  to  be  .  1021 

,  Thenumber  of  livinganaloguesis  176,  which  is  in  the  proportion  of 
fitheT less  than  IB  in  100;  the  number  of  fossil  analogues,  after  sub- 
tractii^  those  winch  pass  from  (he  Miocene  into  both  the  Pliocene  and 
Xocene  epochs,  is  168,  which  is  very  nearly  in  the  same  proportion, 
'  The  species  which  pass  from  the  Miocene  into  the  Pliocene  period  are 
;|nnumber  196,  of  which  114  are  living,  and  82  fossil,  which  is  very 
nearly  in  the  proportion  of  20  in  100  of  the  total  number  of  species  of 
the  Utter  epoch.  Thus  it  is  remarkable  that  there  are  18  in  100  living 
'analogues,  16  in  100  of  analogous  fossil  species,  and  that  SO  iiilOUof 
""lese  species  pass  from  the  Miocene  to  the  Pliocene  epoch. 

The  114  living  species,  and  the  83  fossil  ones,  which  are  common  to 
ifite  Miocene  and  Pliocene  periods,  are  distributed,  in  the  last- mentioned 
fpoch,  in  the  following  manner :— 


Li  V  IN  a. 

Foss.L. 

Crag        ...          4 

Crag         .         .        4 

Italy         ...        48 

Sicily         .          .         1 

Sicily        ...          5 

Italy          .         .      71 

Sicily  and  Italy          .        46 

Sicily  and  Italy  .        5 

Sicily,  Italy,  and  the  Crag  1 1 

Sicily  and  (he  Crag    1 

^e  preceding  di<>tributian  of  species  will  show  that  Italy  is  repre- 
iKnted  in  the  Miocene  period  by  ISl  species,  Sicily  by  G9,  and  the  Crag 
"  rao. 

EOCENE  PERIOD. 

Paris,  London,  Valognes,  Belgium,  Castelgomberto,  and  Pauliac. 
A  small  number  of  species  only  have  been  examined  from  Belgium, 
Tuiliac,  and  Castelgomberto,  but  which  agreed,  with  few  exceptions, 
species  of  the  Paris  basin.    So  also  in  regard  to  Valognes. 


i 


Wflmber  of  speeiM,  Paris         .    1122  ofwhich  3S  ere  stilUiviDe.  and 
1084  exlinct  (orunVnown). 
London      .      239  Of  which  12  are  still  lirtn?.  tnd 
227  extinct  (or  unknown). 
■  Valognea  .      33S 
Bel^um     .        -ig 

1749  

By  subtracting  freni  thise  Inaali- 

tics  the  number  of  analogous  

specie!      .  •  .  .         AM 

The  real  number  of  specks  of 

this  epoch  is     J         .         .       1238    , 

The  ninnber  nf  fossils  of  this  period  idenfifled  with  living  ipcciei  is  43, 
nhich  is  to  1239  in  the  proportion  of  3i  in  iOO.  The  number  of  fosiil 
species  wliich  pass  from  the  Eocene  into  the  two  other  periods  is  45, 
that  is  to  say,  in  nearly  the  tame  proportion  as  the  living  analoguet. 
Among  the  fossil  species,  four  only  are  common  to  the  three  cpodii, 
which  are  the  following : — 

1  Dentalium  coarctatnm.  3  Bulimus  tereliellatus. 

3  TomateUainflala.  4  Corbula  complanata. 

The  42  other  foisil  species,  which  go  no  farther  than  the  Miocene 
epoch,  are  distributed  in  the  full oning  manner : — 

Bordeaux  and  Dax       .....        If 

Turin 3 

Angers  ......  S 

Roncft  ......  f 

Bordeaux,  Cak  and  Touraine  .  .  •  4 

ib.  ib,    and  Turin        ....  I 

ib.  ib.   Touraine  and  Angers   .  •  .  3 

ib.  ib.   Turin,  Vienna  and  Baden,         .  ,  1 

ib. '        ii).  I  Touraine,  Turin,  Vienna  and  Angera    .  1 

ib.  ib.    Touraine,  Vienna,  Angers  and  Baden    .  1 

Turin  and  Uonca         .....  a 

Angers  and  Ronca       .  ,  .  ,  .  I 


Of  the  43  living  species,  the  following  13  are  common  to  the  three 
epochs,— 

1  Dentalium  entalis, 

2  strangulatum, 

3  Fissurella  grteca, 

4  Bulla  lignaria, 

5  Rissoa  cochlearella, 
fi  Murex  6stulosus, 


13  Naoula  margaritacea. 


7  Mvirex  tubifcr, 

8  Polymorphina  gibba, 

9  Triloculina  oblonga, 

10  Lucina  divaricett, 

1 1  gibbosula, 

12  Isocardia  cor, 


51 


Of  the  other  species,  )^  ^  no  forther  than  the  Miocene  epoch,  and  are 
distributed  in  the  following  manner, — 

Bordeaux  %nd  Dax.           ..           •.  •  3 

ib.               ib.  and  Baden        .  •  1 

ib.               ib.  and  Touraine    •  .  1 

ib.               ib.  and  Angers      •  •  1 

ib.              ib.  Touraine  and  Angers  •  1 


Total  number  of  species  in  the  three  periods,— 

In  the  Pliocene  • 

In  the  Miocene 
In  the  Booena 


777 
1021 
1238 

3036 


From  the  above  lists  it  will  appear  that  there  are  1 7  species  which  are 
eommon  to  the  thvee  epochs,  and  which  may  therefore  be  said  to  cha* 
racterise  the  entire  tertiary  formations  of  Europe.  Thirteen  of  them  are 
species  still  living,  while  four  are  only  known  as  fossil.  There  is  not  a 
single  species  common  to  the  Pliocene  and  Eocene  epochs  which  is  not 
also  found  in  the  Miocene. 


Gkooraphical  Distribution  of  thb  living  Spkcibs  which 

HAVE  THEIR  FOSSIL  AnALOOUSS. 


Pliocene  Epoch,  350  species. 

In  the  Mediterranean  .  •  •  • 

In  the  Indian  Ocean  .... 

At  Senegal  .  •  .  •  • 

Common  to  the  Mediterranean  and  Senegal 
■  ■  and  the  African  Ocean 


242^ 
25 


5 


—  Indian  Ocean  and  to  Seneg^al 
■  and  to  America 


In  the  Northern  European  Ocean 
Pacific  Ocean 


Fossil  in 

Sicily 
and  Italy. 


14 
8 
7 
6J 

43 1  Fossil  in 
1/ the  Crag. 

350 


Miocene  Epoch,  176  species,  (100  species  common  to  the 

preceding  epoch,) 

species. 

At  Senegal,  of  which  13  are  common  to  the  Indian  Ocean,  and  12 

to  the  Mediterranean  .  .  •  .  .79 

In  the  Mediterranean  and  Southern  European  Ocean,  of  which  10 
are  common  to  the  Indian  Ocean,  and  12  to  Senegal  .     86 

In  the  Indian  Ocean,  10  of  which  are  common  to  the  Southern 
European  Ocean      .  •  •     '      •  •  .29 


Carried  over 


194 


(is 


62 

SptdM. 

Brought  over       •       •       •       •       194 

In  the  Equatorial  Seas  of  America,  2  of  which  are  oommon  to  the 
Indian  Ocean    •  •  •  •  •  •  .7 

In  the  Pacific  Ocean       .  •  •  •  •  .2 

203 
Number  common  to  different  localities  27 

176 

Eocene  Epoch,  42  species^  of  which  26  are  common  to  the 

iwopreteding  epoch*. 

In  the  Mediterranean,  5  of  which  are  common  to  India  and  New 
Holland  ••••••  19 

In  the  Indian  Ocean  •  .  •  •  •  7 

In  New  Holland        •  .  «  «  .  ,3 

In  Senegal    •  •  •    ..        •  •  •  «  3 

32 

Of  the  fluviatile  and  terrestrial  species,  5  are  still  living  in  Europe* 
1  in  the  Philippine  Islands,  and  4  in  Asia,  Spain  and  Greece       10 

42 


^^r                APPENDIX  II.     ^^^^H 

^^^KoSStL   SHELLS   COLLECTED  BY  THR  AUTHOR  FROM  VARl- 

^^r  OUS  LOCALITIES  OF  THE 

NEWER  PLIOCENK  FORMA- 

TION  IN  SICILY;  NAMED  BY  M.  DESHAYE3. 

N.  B.  Those  which  [ire  ma.keJ  with  « 

T.  ...lomk  i»  thii  and  the  foUowing  lista 

are  unknot 

»a  M  recenl. 

FOSSIL  SHELLS  FROM  THE  FLANKS  OF  ETNA,  IMME- 

DIATELY ABOVE  THE  BAY  OF  TREZZA. 

In  clay  and  volcanic  tuff.    (See  p.  79.) 

Hadrft  Iriingula.  Broa. 
CorbulB  nucleus. 

Nalica  Dillwynii,  Payr. 

„      Quillemini,  Payr. 

Astiirte,  unnamed. 

ditto. 

Trochus  magus. 

Venuj  Brongniarti,  Payraudeau. 

„     radista. 

AdnniDni,  Payr.              ^h 

„     ipecies  doubtful. 

Turbo  rugosus.                                ^^H 

Crtherea  eioleta. 

Monodonta  Viellotii.  Payr.          ^^1 

..        lincta. 

Turritella  terebra,  Broc.                ^Hl 

Cardium  edule. 

Ceriihium  sulcalura,                      *^ 

„        sulcatum. 

Pleurotoma,  new  species,                          1 

Area  antiquatn,  Lamk. 

Cancel  laria  canceltata. 

„    barbaia,  Lamk. 

Fusm,  new  specie*. 

PectuDculiu  elyi^itneris. 

.,      new  species. 

.          pVosu,. 

„      craticulatus,  Bla(nv. 

Nuculfc  new  ipecies. 

„      strigosus. 

„       margarilacea. 

..      lignari<is. 

Chama  unicornis. 

Murex  Irunculus,                         ] 

Peeleo  ornatus. 

Brandaris,                        ^^H 

„     an,  new  species? 

„      Bmei,  Payr. 

Triton  an  pileare  ?                       ^^H 

„     opercularii. 

„     unicolor. 

Casiidaria  ccliinophora.              ^^^1 

„      Jacobsus. 

Buccinum  musivum,  Broc.         ^^^| 

Otlrea  edulis. 

mulabile.               -^^H 

maculosum.            ^^^H 

Dentfllium  entftlii. 

,,       'new  species. 

Calmelii.                 ^^H 

semiatriatum.          ^^^H 

„        novem  coitalum. 

Colombella  rustica.                    ^^^H 

Calyptr»a  Chinensia. 
NA&a  uiUepunctata. 

Mitra  lutescens.                        ^^^H 

Conus  Mediterraneiu              ^^^H 

MaclH  lad  sea. 
'  Corbula  nucleus, 
Pccten  operculnris. 
Dentalium  novem  coslalum. 


VILLASMONDE.     (See  p.  G5.) 

I  Nfttica  glaucina. 

pes  ptlicB 


Rostcllar 


MILITELLO.    (V.  DiNoTO.)    (Seep.  55,) 


Cytherea  chione  ? 

Cardiuin  eJule. 

Area  antiquala. 

Peuten  Jacobieus. 

„     vsrius. 


I  PectenoperPularis. 
Ostrea  edulis. 
*  Dentatlum,  new  ipecici.  > 
Bucciniim  priimaticum  ?   ' 

1  An  Turbo  nigosui  ?  ?  " 


GIUGENTi.— (/n  limetlone  and  tlaif.—Sw  p.  65.) 


Corbula  nucleus. 
Mactra  triangula  ?  Broc. 
Pectuncului  pilosui. 
ModioU,  species  doubtful. 
Peel  e  II  Jacob  seus. 


Peclen  opercularis. 
Dental!  u[ii  entabs. 
Natica  millepunctsla. 
"  Turntelia  tornaia. 
'Buccinum  semutriatuiiu    . 


SYRACUSE,   {See  p.  67.) 


Thracia  pubescens, 
•  Tellina  ? 
Cardium  sulcatum. 

,,        echinalum. 
Isocardia  cor. 
Area  antiquata. 
Pectunculus  pilosui. 

.,  gtycimeris. 

Pecten,  an  nodosus  ? 

„         jBCobffUS. 

„      Audouini,  Pai/r. 
„      operculads. 


Peclen  coarctatus,  Broc, 

Ostrea  edulis. 

*  Denlaliuni,  new  species. 

„  slran^ulalum,  Deth. 

sexangulare,  Broe, 
H  allot  is  tuberculata. 
TrocUus  conulus. 
Turrilella  terebra. 
Murex  trunculus  ? 

*  Buccinum  semistristunip 
Cypr^a  rufa. 
Conus  Mediterraneus 


CALTANISETTA.— (/n  clai/  and  yellow  rand.— flee  p. 
Payr. 


|»  Pa 


Lucina  lactea  7 
Venus  multilamella. 
Cardium  echinatum. 

„        edule. 
Area  antiquata. 
Pecten  Jacobsus. 
Ostrea  edulis. 
"  Dentalium,  new  species. 


fllS 


Natica  GuiUemini 

„      millepi 
Turrilella  svibangul  ila,  Broc 

*  „        lomola,  Broe. 
terebra. 

Cerithium  vulgatum. 
Fusu9  lignarius. 
Rostelkria  pes  pelicani>     ,  , 

*  Buccinum  semislrialuai.  | 
Mitra  lutesuns. 


,  Desk,        ' 
Broe. 

I 


J 

CALTAGIRONG.  (See  p.  er.)                               ^^^| 

MactrB  triangula,  Broc. 

NalieaDilwynii,  Pa^r.                                 ' 

Corbula  nucleut. 

.,      ValBnciennesii.  Pa^/r. 

..      Guillemim.  Paur. 
Scalaria  tenuicgstata,  ilicS. 

C)thereH  iincU. 

TurriteDa  terebra. 

Cerithium  I^lrei]lei,  Puyr. 

Cardita  sulcata,  Brug. 

•  Pleurotoma,  new  species. 

,.     squamona. 

„            vulpecula,  Broe. 

„           craticuUta,  Broc. 

Fasm  craticulalus,  Blain, 

•Nuculallalica.  De/. 

„     liemarius. 

Pecten  opercularU. 

„     Bniei,  Fayr. 

Murex  Brandaris, 

DenlaliuQi,  new  species. 

Roatellaria  pes  pelioanL 

enlalia. 

•Buccinum  semiilriatum. 

„         novem  coiUtum. 

mutabile. 

I^Murella  coslarii,  Dei/t. 

Catyptrcea  chine  nsis. 

*      „         turbinellus.  Broc. 

Bulla  lignaria. 

Mitra  lulescens. 

Ntttica  canKna. 

Cjpraa  orjza,  Duclos. 

1                               CASTKOGIOVANNI.  (Seep.  67.) 

'     I.ucina  laclea.                                     Peelen  opercularis. 
■Nucula  ItHlicR,  D</.                         Nalica  Guillemim,  Pa^. 

Peclea  Jacobs  us. 

VIZZINI. 

1                                               Uurex  Brandahs. 

^^^^ 

^^^^B                             Oitrea 

^^                                        VAL  DI  NOTO. 

Peolimculus  glycimeri*.                     |  Pecten  opercularit. 

PALERMO.— (/n  limestone  and  clay.— See  p.  C5.> 

•Clavagella  bacillam.  D<!«A. 

Tellina  Donacina. 

Bolen  coarclatus,  Broe. 

„     new  species. 

Lucina  radula. 

ThfBCia  corbuloides,  Deih. 

„     rewspeciM,alupinua?  Broe. 

„       pul)e»cens,  Deth. 

..     lactea. 

Lutraria  solenoides. 

Astarte,  new  species,  an  incrassata  ? 

CotbuU  nucleus. 

„      new  species. 

^^^ 

^^^^^HjV                    ^^^^H 

mf                           FALERMO-continued.                     ^^| 

"  Xfjtherea  nigoss.  Broa. 

Natica  Canrens.                    ^^^ 

exoleta. 

„     Valenciennesii,  Payr.'' 

Chione. 

Scalaria  communis. 

Venus  radiata.  Bror. 

pseudo  scalaris. 

„     species  doubtful 

Trochiu  tna«wi.                    ^^H 

Cardium  sulcatum. 

cmguUtus.  fim.    ^^H 

,.       edule. 

Adansoni,  Pat/r.     ^^H 

„       echinatum. 

conul.».       ^     ^^H 

Deshayesli,  Pai/r. 

^H 

Iiocardia  cor. 

Turbo  rugosus.                    ^^^H 

Area  antiquata. 

Turnlelta  terebra.                ^^H 

Peel  un  cuius  pilos<t<r. 

Cerithium  tricinctum. 

Nucula,  new  sjiecies. 

'        „         margaritaceum. 

,,        marcaritacea. 

•        „         new  species. 

Chama  grjjphoidea  ? 

Pleuroloma  Cordiert. 

„          Caiunannondi,  Mieh. 

Pecten  omatus. 

new  species. 

„      coarctalus,  Bros, 

„      an,  new  sjiecies. 

Fusus  sinistrorsus.  DetK 

„     operculans. 

..      strigosus.                       ^^ 

„     new  species. 

„     Jacobeeus, 

",     dftvatus.                   ^^1 

;;     pleiironecte.. 

new  specie!.   ^J^^H 

Oitrea  comucopix  ? 

..     lignanus.     _^^^^H 

„     edulis. 

Murex  Brandarii.    ^^^^^^^H 

„     Virginica. 

„     hippopus. 

Terebralula  truncata. 

trunculus.      ^^^^^^^B 

-        .,         ampulla. 

Triton  unifiloium,  Bon,        ^^^H 

•  Dentalium,  new  species. 

Rostellaria  pes  pelicani.         ^^^| 

•         „            fossile,  Lin.  Var. 

Cassidaria  echinopbora.        ^^^| 

Btrangulatum,  Deth. 
Patella  bonnardii.  Payr. 

Cassia  saburon.                      ^^^ 

Dolium  pomura. 

EmarRinvila  curvirostris,  Deik. 

Buccinum  prism  at  icum,  Bne. 

Fissurella.  species  doubtful. 

new  species. 

„        Grieca. 

„          new  species. 

Pileopsis  Ungarica. 

•       „          leraiatriatuin. 

Bulla  lignaria. 

„          new  species. 

Auricula  buccinea. 

„          mutabile. 

„     Gu.'llemini,  Payr. 

M 
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-FOSSIL  SHELLS  COLLECTED   BY  THE   AUTHOR  IN 
CHIA,  AND  NAMED  BY  M.  DE3HAYE3.     (Seep.  126.) 


coarclatas,  Broc, 

MeUnia  CBmbeaseilpsIi,  Payr. 

%  lupinua.  Broc. 
radiatn,  Biw. 

NalicH  Guillemini,  Payr. 

Valenciennesii  ?  Pm/r. 

TrocliHi  mapis. 

um  Bulcatum. 

edule. 

Turrilella  terebra. 

new  species,  An  area  quoyi? 

Cerilhium  Latrcllle!.  Payr. 

%  margaritacea. 

„        new  species. 

..           vulpTum. 

„        doliolum,  Broe. 

Jacobieua. 

Rostelbriapea  peljcani. 

Dumasii,  Payr. 

Buccinuin  prismaticum,  Broe. 

opereularis. 

Cypraea  lurida. 

lium  novem  costatum. 

our  following;  shells  have  since  been  Bent  to  me  from  Ischia.    Thq? 
all  of  recent  sptcies : — 


SIL  SHELLS  FROM  THE  WESTERN  BORDERS  OF  THE 
JED  SEA,  COLLECTED  BY  MR,  JAMES  BURTON.  COM- 
aUNICATED  BY  G.  B.  GREENOUGH.  ESQ.,  P.G.S. 


iriasolenoides? 

Oypricardia. 
Cham  a  lazarus. 

plicalella  ?  ? 

ra  stullorum  ? 

Tridacna  s<iuamoia. 

ula. 

Area  Bcapha. 

mobia. 

,,    antiquata. 

a  lingua  felis. 

„    Noffi. 

nigosa. 

PectunculiiE  peclinifonnis 

virgata. 

Peolen  maximus. 

TDslrata. 

„      pea  felis. 
Spondylus  gaderopas. 

a  globosa. 

ma. 

Parmophorus  elegans. 

erea  tigerina. 

Fissurella  Gneca. 

picta. 

Bulla  ampulla. 

„     solida. 

erj'cina. 

Helix  desert  um. 

BCripta  ? 

NeritB. 

1  geographica. 

reticulata. 

„     mamillaris. 

oval  a  ?  ? 

„     mamilla. 

paphia. 

„     Grffica. 

um  rupisum. 

„      alba. 

,      /Eolicum  ? 

Haliotistuberculatit 

,      relusum. 

,.      atriaU? 

ila  turgido. 

Tomatella. 

calyculala. 

^^^^^^^^             ^^^^B 

RED  S£^  SaELLS-eoalinued.          ^^| 

Solarium  perspeclivum. 
Trochus  niBCUlBtuK. 

Doll  urn  pomum.               ^^^H 

Buccmura  coronatura.                 ^ 

„       virgatus. 

arcularia. 

Maurilianua. 

,,         senticoium. 

Monodonta  tectum. 

Terebra  crenulata. 

Pharsonis. 

Eubulata. 

^gypl.ca. 

„       myosurus.                          , 

Turbo  chrysosiomui. 

,.      maculalft. 

,.    petholalus. 
Turritella 

„     dnplicBiB. 

Colombellaturlutina? 

Mitra  strialula,                                jj 

1                         .,        sulcBlum. 

virgalut. 

Cypraa  mappa. 

Pleuroloma  virgo. 

..       Arabica. 

Turbinella  lineolala. 

„      talpa. 

Cancellaria  conlabukta. 

„      caurlca.                           ) 

Fasciolaria  Irapeiium. 

„      viteUus. 

erosa. 

,.      rai)a. 

carneola.               ^^Hj 

„     cilrina. 

turdus  ?                  ^^H 

„     retlculalb 

^^H 

'                       „     francolinm. 

flaveola?               ^^^B 

Rantlla  granifera. 

.,       nucleus.                    •^   ■ 

„      cm  men  a. 

„      stercus  muacarum  ? 

Murcx  crassispina. 

..      caput  aerpenlis? 

„     icarpio. 

Anciliaria. 

Trilon  viiriegatum. 

Uliva  erylhroatOQU. 

1                       ,,    lampas. 

Conus  arenaliis.                           , 

1                       ..    pilelre. 

„      Reneralis. 

„     maculusiim. 

„       literalus? 

Sti'ombus  giEis  (young). 

„      betulinua. 

„       biluberoulatuB. 

,,      slriatua. 

„        lineolatus. 

„      episcopus. 

„       gibberuluB. 

„      tesiellatus. 

lerebellBtus. 

„      texlile. 

Cassis  vibex. 

„      nussalella,                          ' 

„     EBburon. 

clavus. 

,.      lerebra?? 

Ricinula  arachnoides. 

capiUneus. 

Dolium  perdix. 

Tetebellum  subulatum. 

Thfl  above  siiella  were  named  by  M 

r.GaxY.  F.B.S.,  and  Mr.  FremUef. 

FOSSIL  SHELLS  COLLECTI 

D  BY  THE  AUTHOR  FROM 

THE  LOESS  OF  THE  V 

ALLEY  OF  THE  KUINE. 

(See  r 

.151.) 

L Helix  obvolula.  Drap. 

^■^^              ericetonim,  iS. 

Helix  striata,  Drap. 

Succinea  eloneata.                       J 

,     carthusianella,  ib. 

Cyclas  palustns.  Drop.                1 
.,      kcuatriB,  ib.                       J 

Valvata  piscinalis.           ■ 

,     nemoralis,  ib. 

Limnea  ovala,  Dn^.     ^^^^H 

,     frulicum,  Dntp. 

Paludina  impura.           ^^^^H 

h 

,     arbuitorum. 

^HH 

fti 


SIENNA.    (See  pp.  160  and  168.) 


maria. 
litto,  yar. 
w  species. 
)merata. 
ineula. 
nplanata. 
i  rugosa,  Broc, 
ermedia. 
w  species, 
iule. 
uata. 

IS  pilosus. 
nummarius. 
auritus. 
Lixaritacea. 
sobseus. 
rcularis. 
atus  ? 
costatus. 
lis,  Lin. 
lis?  junior, 
bis  incognita), 
sexangdare. 
fossile. 

uccinea.  Desk, 
I  buccinoides. 
ucina. 
ictata. 
rochiensis. 
rmonii,  Payr. 
ivr  species,  with  its  colour, 
osus. 
erebra. 

mbricataria,  Broc. 
ubangulata. 
ornata. 
^aricosa. 
vulgatum. 
doliolum. 
tricinctum. 
new  species, 
new  species, 
oa  cataphracta. 

interrupts,  Broc 

oblonga,  Broe. 


*  Pleurotoma  rotata,  Broe. 

*  H         reticulata,  Broc 

*  „         textilis,  Broc 

*  ,t         turricula,  Broc 

*  „  dimidiata,  Broc  (den 

tata,  Lamk,) 

*  M         dimidiata,  viir. 
Cancellaria  tahcellata. 

*  „         varicosa. 

*  „        Lyrata. 
Fusus  li^arius  * 

*  „    mitrseformis. 
„    subulatus. 

*  „    longiroster. 

*  ,»    thiara,  Broc 
*Ranella  bimarginata. 
Murex  comutus,  vai*. 

„     tulnfer. 

*  horridus. 
spirispina. 
pomum. 

bracteatus,  Broc 
new  species. 

Triton  unifilosus,  Bonelli, 

*  „      reticularis,  Broc 

*  „       new  species. 
Rostellaria  pes  pelicani. 

*  Strombus  jBonelli,  Brong. 
Cassis  saburon. 
Buccinum  clatliratiun  ?  Broc 

*  ,•         serratum,  Broc 

*  „         costulatiun. 

*  „         gibbosulum. 

*  Terebra  plicaria. 

*  „       duplicata. 

*  Mitra  pyramidella,  Broc 

*  „     scrobiculata. 
Marginella  cyprseola. 

*  Conus  antediluvianusy  Broc 

*  »«      ponderosus. 

*  „      mercator. 

*  vf      pynila,  Broc* 

*  „      betulinoides. 

*  „      virginalis. 


f> 
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SECONDARY  FOSSIL  SHELLS. 


FOSSIL  SHELLS  COMMON  TO  THE  MAESTRICHT  BEDS 
AND  THE  WHITE  CHALK;  COMMUNICATED  BY 
M.  DESHAYES.     (See  p.  325.) 


Catillus  (Inoceramus)  Cuvieri  ? 

(specimens  imperfect) 
Plagiostoma  spinosa. 
„         Hoperi. 
Pecten  fra^lissimus. 
Ostrea  vesicularis. 
.»     carinata. 


Crania  Parisiensis. 
Terebralula  octoplieata. 
camea. 

pumilus  (magof ,  Sow,) 
>•         DefranciL 
Belemnites  mucronatus. 


9> 


ft 


FOSSIL  SHELLS  COMMON  TO  THE  MAESTRICHT  BEDS 
AND  THE  UPPER  GREEN-SAND;  COMMUNICATED 
BY  M.  DESHAYES.    (See  p.  325.) 


Plagiostoma  spinosa. 
Ostrea  vesicularis. 
carinata. 


»• 


Belemnites  mueronatiuu 
Baculites  Faujasii. 


Screnl  of  the  Aulhni'i  frienda,  who  hid  tcoiI  the  first  and  iMond  vulumei  of 
to  FiindpUs  uf  Geolugjr,  haviug  met  with  difEculliui  from  their  previout  iid- 
(%iMiDtuic«  wilh  (he  tuchnical  tunna  uueil  in  tJiHilogj  and  NutiiriLl  Iliilorjr, 
i|[gc*led  to  him  ihal  t.  QloiiBiy  of  ihoir  woiili  wuidd  rendur  lii*  work  much 
kne  BCeenibltr  lo  genrriil  readen.  The  AutLuc  willingly  complied  wilh  tliii  mg- 
■■tion,  but  fiadiiiK  Ihot  hla  own  familiiirily  wilh  thi  lubjcd  made  him  not  n  lery 
mpelent  judge  ur  the  tvrmi  that  Tt;quited  explanation,  tie  applint  lo  the  fiiendi 
fore  alluded  lo  Tor  lhei[aatislBDce,and  tiom  lists  uf  wocda  aupplled  by  Ihem,  the 
Uowing  Glmsary  has  bnn  constructed.  11  will  be  obvioua  to  men  uf  acieoce, 
tat  in  ordiar  lo  alfsin  tha  object  in  view,  it  wsa  neceaiary  to  employ  illustraliuai 
id  Imnguage  u  familiar  si  pouiblu  lo  the  general  ceadcr. 


iCBPKALouB.  The  Acepliala  are  that  ilivisbn  of  molluscous  anJrnaU 
whicli,  like  tlie  oyster  and  scallop ,  are  without  heads.  The  class 
Acephala  of  Cuvier  com prelie nils  many  genera  of  bivalve  shells, 
and  B  few  genera  of  mollusca  which  are  devoid  of  shells.  Elym., 
a,  a,  without,  and  ii^aXi;,  cephale,  tlie  head. 

\t.as.  An  order  or  division  of  llie  cryptogamlc  claas  of  plants. 
The  whole  of  the  sea-weeds  are  comprehended  under  tiiis  divi- 
sion, and  the  application  of  the  term  in  this  work  ia  to  marine 
plants.     Etym.,  Alga,  sea-weed. 

iLUU-STONE,  Alumen,  Aluuinous.  Alum  is  llie  base  of  pure  clay, 
and  strata  of  clay  are  often  met  with  containing  much  iron-pyrites. 
When  the  latter  substance  decomposes,  sulpliuric  acid  is  pro- 
duced, wliJch  unites  with  the  aluminous  earth  of  the  clay  to 
form  sulphate  of  alumine,  or  conimon  alum.  Where  manu- 
factories are  establiatied  for  obtaining  the  alum,  the  indurated 
beds  of  ct«y  employed  are  called  Alum-stone. 

klLUvuL.     The  adjective  of  alluvium,  wliich  see. 

iLLuvioM.     Synonymous  with  alluvium,  which  see. 

Llluvium.  Earth,  sand,  gravel,  atones,  and  olher  transported 
matter  wliich  has  been  washed  away  and  thrown  down  by  rivers, 
floods,  or  other  causes,  upon  land  not  prrmanently  submerj^eil 
beneath  the  waters  of  lakes  or  seas.  Elym.,  Alluo,  to  wash 
upon.  For  a  further  explanation  of  tlie  term,  as  used  in  tliia 
Ifrk,  Bee  vol.  ii.  clmp.  xiv.,  and  vol.  iii.  p.  145. 


G2 


GLOSSART. 


Ammonite,  An  extinct  and  viry  numerous  genua  of  the  order  of 
molluBcouB  animals,  called  Cephalopoda,  allied  to  the  moder 
genus  Nautilus,  which  inhabited  a  chambered  shell,  curved 
like  a  coiled  snake.  Species  of  it  are  found  in  nil  geological 
periods  of  the  secondary  strata  ;  but  they  have  not  yet  beea 
seen  in  the  tertiary  beds.  They  arc  named  from  their  rwetn- 
blance  to  the  horns  on  the  statues  of  Jupiter  Ammon. 

AuonPHOUE.  Bodies  devoid  of  regular  form.  Elym.,  a,  a,  wiib' 
out,  and  fiopfit,  morphe,  form. 

Amyod*ioid.  One  of  the  forms  of  tha  Trap-rock«.  in  which  agai 
and  simple  minerals  appear  to  be  scMtered  like  almondii  in 
cake.     Eiym.,  a^uyi^uXn,  amygdala,  an  almond. 

Analciue.  A  simple  mineral  of  the  Zeolite  family,  of  frequent 
occurrence  in  the  trap-rocks. 

Analoove.  a  body  that  resembles  or  coTrespondi  nith  anotlicr 
body.  A  recent  shell  of  the  same  Bpectes  as  a  fosail^ahell,  it 
the  analogue  of  the  latter. 

Akoflothehe.  Anoplotherium.  A  fossil  extinct  (juadmped  he- 
longing  to  the  order  Pachydermala,  resembling  a  pig.  It  liai 
received  its  name  because  the  animal  must  have  been  singularly 
wanting  in  means  of  defence,  from  the  form  of  its  teeth  and  the 
absence  of  claivs,  hoofs,  and  horns.  Elym.,  ovon-Xoc.  anoploi, 
unarmed,  and  6ripiBv,  therion,  a  wild  beast. 

Antaoonist  Powers.  Two  powers  in  nature,  the  aotioD  of  the  one 
counteracting  that  of  the  other,  by  which  a  kind  of  equihbriaci 
or  balance  is  maintained,  and  the  desliuctive  effect  prevented 
that  would  be  produced  by  one  operating  without  a  chech. 

Antfnn.c.  The  articulated  homa  with  which  the  heads  of  insects  arc 
invariably  furnished. 

Antiiracitb.  a  shining  substance  like  black-lead;  a  species  of 
mineral  charcoal.     Eiym.,  atSpa£,  anthrax,  coal. 

Antnracotmerium.  A  name  given  to  an  extinct  quadruped,  sup- 
posed to  belong  to  the  I'achydermata,  the  bones  of  which  were 
found  Id  lignite  and  coal  of  llie  tertiary  strata.  Elym.,  a>^ci!, 
avthrax,  coal,  and  Qripior,  Iherion,  wild  beasL 

ANTHRoi-oMOHPnous.  Uavinga  form  resembling  the  human.  Etynu 
arSpiuJTof,  aiitkropoi,  a  man,  and  fiop^rj,  morphe,  form. 

Anticlinal  Axis.  If  a  range  of  hills,  or  a  valley,  bs  cota- 
posed  of  strata,  which  on  the  two  sides  dip  in  opposite  directions, 
the  imaginary  line  that  lies  between  them,  towards  which  I 
strata  on  each  side  rise,  is  called  the  anticlinal  axis.  In  a  row 
of  houses  with  steep  roofs  facing  the  south,  the  slates  represent 
inclined  strata  dipping  north  and  eoulh,  and  the  ridge  is  an  east 
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and  West  nnlicllnal  axia.  For  a  farther  expIanatiuQ,  witli  a  dia- 
gram, Bee  vol.  iii.  p.  293. 

AxTtHEPTic.  Subetaucea  wliich  prevent  corruption  in  animal  and 
vegetable  matter,  as  common  Bait  does,  are  eaid  to  be  antiseptic. 
Etym.,  acri,  against,  and  sijirij,  srpo,  to  putrefy. 

Arenaceous.    Sandy.    Etym.,  Arena,  sand. 

Aaoii'LikCEoua.     Clayey,  composed  of  clay.     Etym.,  ArgUla,  clay. 

Arraoomte.  a  aimple  mineral,  a  variety  of  carbonate  of  lime,  bo 
c&lled  ftom  having  been  drBt  found  in  Arragon,  in  Spain. 

AuGiTB.  A  simple  mineral  of  a  dark  green,  oi  black  colour,  which 
forms  a  constituent  part  of  many  varieties  of  volcanic  rocks. 

AviLANCHss.  MaseeB  of  snow  which,  being  detached  from  great 
heights  in  the  Alps,  acquire  enormous  bulk  by  fresh  accumula- 
tions aa  they  descend  ;  and  when  they  fall  into  the  valleys  below 
often  cause  great  destruction.  Tlicy  arc  also  called  lavangei, 
and  lavancha,  in  the  dialects  of  Switzerland. 


Basalt.  One  of  the  most  common  varieties  of  the  Trap-rocks,  ft 
is  a  dark  green  or  black  Btone,  composed  of  augite  and  felspar, 
very  compact  in  texture,  and  of  considerable  hardness,  often 
found  in  regular  pillars  of  three  or  more  sides,  called  basaltic 
columns.  Very  remarkable  examples  of  this  kind  of  rock  are 
seen  at  the  Giant's  Causeway,  in  Ireland,  and  at  Fingal's  Cave, 
in  tlie  island  of  StafTa,  one  of  the  Hebrideii.  The  term  is  used  by 
Pliny,  and  is  said  to  come  from  basal,  an  iElhiopian  word  sig- 
nifying iron,  not  an  improbable  derivation,  inasmuch  as  the  rock 
often  contains  much  iron,  and  aa  many  of  the  figures  of  the 
Egyptian  temples  are  formed  of  basalt. 

•  Babin  '  of  Paris,  '  Basin  '  of  London.  Deposits  lying  in  a  great 
hollow  or  trougli  surrounded  by  low  hills  or  high  land,  some* 
times  used  in  geology  almost  synonymously  witli  '  formation,' 

Bblzunite.  Au  extinct  genus  of  the  order  of  molluscous  animals 
called  Cephalopoda,  that  inhabited  a  long,  straight,  and  cham- 
bered conical  shell.     Elym.,  ^Xiftyov,  belemnon,  a  dart. 

BiTDMRN.  Mineral  pitch,  of  which  the  tar-like  substance  which  is 
often  seen  to  ooze  out  of  the  Newcastle  coal  when  on  the  fire, 
and  which  makes  it  cake,  is  a  good  example.     Elym,,  BUumen, 

BiTOUiNOUB  Shale.  An  argillaceous  shale,  much  impregnated  with 
bitumen,  which  is  very  common  in  tlte  coal  measures. 

Blehdb.  a  metallic  ore,  a  compound  of  the  metal  zinc  with  sul- 
phur. It  is  often  found  in  brown  shining  crystals,  hence  it( 
name  among  the  German  minerB,  from  the  word  bUndtn,  to 
dazzle. 
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Bluffs,  iligh  banks  presenting  a  precipitous  front  to  the  lea  or  a 
river.     A  term  used  iii  the  United  States  of  North  America. 

BoTnvoiDAL.  Resembling  a  bunch  of  papes.  Elym..,  /Jorpvc,  bolryt, 
a  bunch  of  grapes,  and  uSo^,  etdoi,  form. 

BowLDEHH.  A  provincial  term  for  large  rounded  blocks  of  stone  lying 
on  the  surface  of  the  ground,  or  somelinies  imbedded  in  louse 
soil,  different  in  composition  from  the  rocks  in  their  vicinity, 
and  which  have  been  therefore  transported  from  a  distance. 

BaecciA.  A  rock  composed  of  angular  fragments  connected  toge- 
ther by  lime  or  other  mineral  substance.     An  Italian  term. 

C*LC  Sinter.  A  German  name  for  the  deposits  from  springs  hold- 
ing carbonate  of  lime  in  solution — petrifying  springs.  Elym., 
Kalk,  lime,  sinlcrn,  to  drop. 

Calcaihe  Grosgibr.  An  extensive  stratum,  or  rather  series  of 
strata.  belon)jing  to  the  Eocene  tertiary  period,  originally  found 
in,  and  specially  belonging  (o,  the  Paris  Basin.  See  Table  U. 
E,  p.  390.     Etym.,  Calcaire,  limestone,  and  gro»»ia;  coane. 

Calcareous  Rock.     Limestone.     Etym.,  Calx,  lime. 

Calcedony.  a  siliceous  simple  mineral,  uncrystaliiied.  A^tes 
are  partly  composud  of  calcedony. 

Carbon.  An  undecomposed  inflammable  substance,  one  of  the  sim- 
ple elementary  bodies,  Ciiarcoal  is  almost  entirely  composed 
of  it.     Elym.,  Corfio,  coal. 

Cakbonatb  of  Like.  Lime  combines  with  great  avidity  with  car- 
bonic acid,  a  gaseous  acid  only  obtained  fluid  when  united  with 
water, — and  all  combinations  of  it  with  other  substances  are 
called  Carboiiales.  All  limestones  are  carbonates  of  lime,  and 
quick  lime  is  obtained  by  driving  oif  the  carbonic  acid  by  heal. 

Carbonated  Springs.  Springs  of  water,  containing  carbonic  acid 
gas.  They  are  very  common,  especially  in  volcanic  countries,  and 
sometimes  contain  so  much  gat,  that  if  a  little  sugar  be  thrown 
into  the  water  it  effervesces  like  aoda-waler. 

Carbonic  Acid  Gas.  A  natural  gas  which  often  issues  from  the 
ground,  especially  in  volcanic  countries.  Elym.,  Carbo,  coal, 
because  the  gas  is  obtained  by  ibc  slow  burning  of  charcoal. 

Cabboniferols.  a  term  usually  applied,  in  a  technical  eenae,  to 
the  lowest  group  of  strata  of  the  secondary  rocks,  see  Table  1 1. 
L,  p.  393  ;  but  any  bed  containing  coal  may  be  said  to  be  car- 
boniferous.    Elym,,  Carbo.  coal,  a,ndfero,  to  bear. 

CiTACLTSM.     A  deluge.     Elym.,  »iirai.XuJu,  caCaduio,  to  deluge. 

Cephalopoda.     A  class  of  molluscous  animals,  having  their  organs 
of  motion  arranged  round  their  head.     Elym.,  ki^Xij,  crpkaie,    f 
head,  and  roca,  puda,  feel. 
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ITACSI.  An  order  of  verlebratcdni»mmircrouB  animnlii  Inhabiting 
the  sea.  The  whale,  dolphin,  and  narwal,  ate  examples.  Elym., 
CtU,  whale. 

A  while  earthy  limeglone,  the  uppermost  of  the  secondary 
■eriea  of  strata.     See  Table  II.  F,  p.  390. 

L  siliceouB  mineral,  approaching  in  cliaracler  to  Hint,  but 
leas  homogeneous  and  simple  in  texture. 
tuLoiLiTic  Sand.     Sand  coloured  green  by  an  admixture  of  the 
simple  mioeral  chlorite.     Elym.,  nXiopoctchloroi,  green. 

CoAi.  Formation.  This  term  is  generally  understood  to  mean  the 
same  as  the  Coal  Measures.  See  Table  11.  L,  p.  393.  There 
ale,  however,  '  coal  furmalions' in  all  the  geological  periods, 
wherever  any  of  the  varieties  of  coal  fbnn  a.  principal  consti- 
tuent port  of  a  group  of  strata. 

CoLSOPTBRA.  An  order  of  insects  (Beetles)  which  have  four  wings, 
the  upper  pair  being  crustaceous  and  forming  a  shield.  Elym., 
taXtoc,  coUos,  a  shield,  and  itTipov,  jiteron,  a  wing. 

CoNOENBRs.     Species  which  belong  to  the  same  genus. 

CoMQi'OKERATE.  Rounded  water-worn  fragments  of  rock,  or  peb- 
bles, cemented  together  by  another  mineral  substance,  which 
may  be  of  a  siliceous,  calcareous,  or  argillaceous  nature.  Ett/m., 
Con,  together,  glomero,  to  heap. 

CoNlPEaE.  An  order  of  plants  which,  like  the  fir  and  pine,  bear 
cones  orlops  in  which  the  seeds  arc  contained,  Etym.,  Cotiun, 
cone,  and/fj-o,  to  bear. 

Coomb.  A  provincial  name  in  dilTerent  parts  of  England  for  a 
valley  on  the  declivity  of  a  hill,  and  which  is  generally  without 
w&ter. 

CoHNBRAftM.  A  rubbly  stone  extensively  cultivated  in  Wiltshire  for 
growth  of  com.  It  is  a  provincial  term  adopted  by  Smith. 
Brash  is  derived  from  bre^an,  Saxon,  to  break.  See  Table  II. 
H,  p.  391. 

ConNSTONR.  A  provincial  name  for  a  red  limestone,  forming  a  sub- 
ordinate bed  in  the  Old  Bed  Sandstone  group. 

CoauoooNV,  CosMOLoav.  Words  synonymous  in  mc.ining,  applied 
to  sj>ecuIaiions  respecting  the  first  origin  or  mode  of  creation  of 
the  earth.  Etym.,  koo/joc,  kosvioi,  the  world,  and  yov'i,  gonte, 
generation,  or  Xoyoe,  logo»,  discourse. 

Chao.  a  provincial  name  in  Norfolk  and  Suffolk  for  a  deposit, 
usually  of  gravel,  belonging  to  the  Older  Pliocene  period.  Sco 
Table  11.  C,  p.  389. 

Cratbii.     The  circular  cavity  at  the  summit  of  a  volcano,  from  which 
the  volcanic  matter  is  ejected.  Etym.,  Cra(<T,agreatcuporbowl. 
Vol..  IIL  e 
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Cretaceous.     Belonging  to  chalk.    Etym..  Creta,  chalk. 
Crop  Out.     A  miner's  or  mineral  surveyor's  term,  to  expreai  l!ie 
rising  up  or  exposure  at  the  surface  of  a  elraliun  or  series  uf 

Crust  of  the  Earth.    See  Eartli's  crust. 

Crustacra.  Animals  h.iTing  a  shelly  coaUng  or  crust  which  ihey 
cast  periodically.     Crabs,  shrimps,  and  lobsters  are  examples. 

Cryptooamic.  a  name  applied  to  a  class  uf  plants  in  which  itie 
fructification,  or  organs  of  reproduction  are  concealed.  Elytn., 
Kpvinos,  krypton,  concealed,  and  ya^oc,  gatnot,  marriage. 

Crystals.  Simple  minerals  arc  fraijuently  found  in  regular  forms. 
with  facets  like  the  drops  of  cut  glass  of  chandelier*.  Quarit 
being  often  met  with  in  rocks  in  such  forms,  and  beautifiilly 
transparent  like  ice,  was  culled  rock-cryilaj,  KpveraWor,  c"^*- 
tallos,  being  Greek  for  ice.  Hence  tlie  regular  ^rm*  of  olhet 
minerals  are  called  crystals,  whether  ihey  be  clear  or  opake. 

Crystallized.  A  mineral  which  is  found  in  regular  forms  or  crys- 
tals, is  said  to  be  crystallized. 

Crystalline.  The  internal  texture  which  regular  crystals  exhibit 
when  broken,  or  a  confused  assemblage  of  ill-defined  crystals. 
Lonf-sugar  and  staUiary-marble  have  a  cryitaUine  texture. 
Sugar-candy  and  calcareous  spar  are  crystallized. 

Cycadb£.  An  order  of  plants,  which  are  natives  of  warm  climates, 
mostly  tropical,  although  some  are  found  at  the  Cape  of  Good 
Hope.  They  have  a  short  stem,  surmounted  by  a  peculiar 
fuliuge,  termed  pinnated  fronds  by  botanists,  which  spreads  in 
a  circle.  The  growth  of  these  plants  is  by  a  cluster  of  fresh 
Fronds  sliooting  frum  the  top  of  the  stem,  and  pushini;  the 
former  fronds  outwards.  These  last  decay  down  to  their  base^ 
which  are  broad,  and  remain  covering  the  sides  of  the  stem. 
Tlie  term  is  derived  from  >:ui:a(,  <yca»,  a  name  applied  by  the 
ancient  Greek  naturalist  Theophrastus  to  a  palm,  said  to  grow 
in  Ethiopia. 

CvpEitACEA.  A  tribe  of  plants  answering  to  the  English  sedges ; 
they  are  dislinguislied  from  grasses  by  their  stems  being  solid 
and  generally  triangular,  instead  of  being  hollow  and  round. 
Together  with  graminere  they  constitute  what  writera  on  bota- 
nical geography  often  call  glumaeea. 

Debacle.  A  great  rush  of  waters,  which  breaking  down  all  opposing 
barriers,  carries  fonvard  the  broken  fragments  of  roeki,  and 
spreads  them  in  its  course.  Elytn.,  dcbac/er,  French,  to  unbi^ 
to  break  up  aa  a  river  does  at  the  cessation  of  a  long-condnuej. 
frost. 


GLOSSARY.  67 

Delta.  When  a  great  river  before  it  enters  the  sea  divides  into 
separate  streams,  they  often  diverge  and  form  two  sides  of  a 
triangle,  the  sea  being  the  base.  Tlie  land  included  by  the  three 
lines,  and  which  is  invariably  alluvial,  is  called  a  delta  from  its 
resemblance  to  the  letter  of  the  Greek  alphabet  which  goes  by 
that  name  A.  Geologists  extend  tlie  boundaries  of  the  delta, 
so  as  to  include  all  the  alluvial  land  outside  the  triangle,  which 
has  been  formed  by  the  river. 

Denudation.  The  carrying  away  of  a  portion  of  the  solid  materials 
of  the  land,  by  which  the  inferior  parts  are  laid  bare.  Elym.y 
denudoy  to  lay  bare. 

Desiccation.    The  act  of  drying  up.    Etym.,  dencco^  to  dry  up. 

Diagonal  Stratification.  For  an  explanation  of  this  term,  see 
▼ol.  iiL  p.  174. 

Dicotyledonous.  A  grand  division  of  the  vegetable  kingdom, 
founded  on  the  plant  having  two  cotyledons  or  seed-lobes. 
Etym,^  Bic,  dit^  double,  and  cotyledon. 

Dikes.  When  a  mass  of  the  unstratified  or  igneous  rocks,  such  as 
granite,  trap,  and  lava  appears  as  if  injected  into  a  great  rent  in  the 
stratified  rocks,  cutting  across  the  strati,  it  forms  a  dike ;  and 
as  they  are  sometimes  seen  running  along  the  ground,  and  pro- 
jecting, like  a  wall,  from  the  strata  on  both  sides  of  them  being 
worn  away,  they  are  called  in  the  north  of  England  and  in 
Scotland  dikes,  the  provincial  name  for  wall.  It  is  not  easy  to 
draw  the  line  between  dikes  and  veins.  Tlie  former  are  gene- 
rally of  larger  dimensions,  and  have  their  sides  parallel  for  con- 
siderable distances ;  while  veins  have  generally  many  rami- 
fications, and  these  often  thin  away  into  slender  threads. 

DiLUViuir.  Those  accumulations  of  gravel  and  loose  materials 
which,  by  some  geologists,  are  said  to  have  been  produced  by 
the  action  of  a  diluvian  wave  or  deluge  sweeping  over  the  sur- 
fece  of  the  earth.     Etym.,  diluvium,  deluge. 

Dip.  When  a  stratum  docs  not  lie  horizontally,  but  is  inclined,  the 
point  of  the  compass  towards  which  it  sinks  is  called  the  dip  of 
the  stratum,  and  the  angle  it  makes  with  the  horizon  is  called 
the  angle  of  dip  or  inclination. 

DiPTERA.  An  order  of  insects,  comprising  those  which  have  only 
two  wings.     Eiym.,  ^ici  dis  double,  and  m-tpov,  plcroji^  winir. 

DoLERiTE.  One  of  the  varieties  of  the  trap-rocks,  com])Osc(l  of 
augite  and  felspar. 

DoLOifiTE.  A  crystalline  limestone,  containing  magnesia  as  a  con- 
stituent part.     Named  after  the  French  geologist  Doloniicu. 

Dunes,    Low  bills  of  blown  sand  that  skirt  the  shores  of  Holland, 
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S|>!iin,  and  otlier  countries.     Elt/m.,  dun  or  dune  is  an  Aiiglu- 
Saxon  word  for  liill. 

Eakth'h  CnusT,  Sucli  siiperfieial  parts  of  our  planet  as  are  acces- 
bible  to  liuman  observation. 

Elvtba.  Tlie  wing-Blieatli9,  or  upper  cnistaeeous  membrane?,  wliicli 
form  the  superior  wingK  in  tlie  tribe  of  beetles,  being  crustaceous 
appendages  which  cover  the  body  and  protect  the  true  mem- 
branous wing.     Efym.,  cXvrpny,  elytron,  a  sheath. 

Eocene.     See  explanation  of  this  word,  vol,  iii.  p.  55. 

Escarpment,  the  abrupt  face  of  a  ridge  of  high  land.  Elym.,  eacar- 
per,  French,  to  cut  steep. 

Estuaries.  Inlets  of  the  land,  which  are  entered  both  by  rivers  and 
the  tides  of  the  sea.  Thus  we  have  the  estuaVies  of  the  Thanes, 
Severn,  Tay,  &c.     Elym.  XUus,  the  tide. 

Falchs.  a  provincial  name  for  some  tertiary  strata  abounding  ia 
■hells  in  Touraine,  wliich  resemble  in  lithological  characters 
the  '  crag'  of  Norfolk  and  Suffolk, 
Fault,  in  the  language  of  miners,  is  the  sudden  interruption  of  the 
continuity  of  strata  in  the  same  plane,  accompanied  by  a  crack 
or  fissure  varying  in  width  from  a  mere  line  to  several  fvct, 
which  is  generally  filled  with  broken  stone,  clay,  Ac.  and  aud 
a  displacement  that  the  separated  portions  of  the  once  coir 
tinuous  strata  occupy  different  levels. 

No.  92.         The  strata  a,  b,  c,  &c„ 
_      must  at  one  time   ha« 
been    continuous,    but  i 
fracture     having     taken 
place     at    the     fault    F, 
either  by  the  upheaving 
of  the  portion  A,  or  liic 
sinking  of  ihe  portion  B, 
the   strata  were   so  displaced,  that  the  bed  «  in    B  is  manf 
fL-ct  lower  than  the  same  bed  a  in  the  portion  A. 
Fauna.     The  various  kinds  of  animals  peculiar  to  a  country  consti- 
tute  its  Fauna,  as  the  various  kinds  of  plants  constitute  its 
Flora.     The  term  in  derived  from  the  Fauni,  or  rural  duilies  in 
Roman  Mythology. 
Felspar.     A  simple  mineral,  which  constitutes  the  chief  material  of 
ly  of  the  unatraliJied  or  igneous  rocks.     The  white  angulu 
portions  in   granite  are  fcls])ar.     It  is  originally  a  Gcrmsa, 
Diiners'  term.  Elym.,  fcld,  field,  and  ipatli,  a  very  old  minerar 
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logical  woTil  in  Germany,  which  Bccma  lo  have  hcen  at  firet 
specially  ii|>[ilicd  tu  a  transparent  kind  of  gypsum  called  sehnite. 

PEtfipATHic.     Of  or  belonging  to  fulspar. 

Anylliiiig  containing  iron.     Eli/tn.,  ferriim,  iron. 

'Floetz  Rockb.  a  German  term  ajiplicd  lo  the  secondary  strata  by 
the  geologists  of  that  country,  because  these  rocks  were  sup- 
posed to  occur  most  frequently  in  dut  horizontal  beds.  Elym., 
Jtoli,  a  layer  or  stratum  ;  the  word  is  applied  in  some  parts  of 
Germany  lo  pavements  and  plastered  lloorG, 

Floha.  Tlie  various  kinds  of  trees  and  plants  found  in  any  country 
constitute  llie  Flora  of  that  country  in  the  language  of  botanists. 

Fldviatile.     Belonging  to  a  river.     Elym.,  Jlaviut,  a  river. 

FottMATioN.  A  group,  whether  of  alluvial  deposits,  sedimentary 
strata,  or  igneous  rocks,  referred  to  a  common  origin  or  period. 

Fossil,  All  minerals  used  lo  be  called  fossils,  but  geologists  now 
use  the  nonl  only  to  express  the  remains  of  animals  and  plants 
found  buried  in  the  earth.  Etym,,foiitHii,  anything  thai  may 
be  dug  out  of  the  earth. 

Galeka,  a  metallic  ore,  a  compound  of  lead  and  sulphur.  It  has 
ofien  the  appearance  of  highly  polished  lead.  Elym.,  yoXcu, 
gako  to  shine. 

Garnbt.  a  simple  mineral  generally  of  a  deep  red  colour,  crystal- 
lixed,  most  commonly  met  with  in  mica  slate,  but  also  in 
granite  and  other  igneous  roc-ks, 

Gault.  a  provincial  name  in  the  east  of  England  for  a  series  of 
beds  of  clay  and  marl,  t!ic  geological  position  of  wiiich  is 
between  the  upper  and  the  lower  greensand.  See  Table  II. 
F,  p.  300. 

Geology,  Geoonosy.  Both  mean  the  same  thing,  but  with  an 
unnecessary  degree  of  refinement  in  terms,  it  has  been  pro|>osed 
to  call  our  description  of  the  structure  uf  the  earth  gco-^osy, 
{Elym.  yta,  gea,  earth,  and  yirioai^ai,  piiiO»ro,  to  know,)  and  our 
theoretical  speculations  as  lo  its  formation  geology.  {Eiytn., 
yta,  and  Xoyoc,  logos,  a  discourse. 

Glacieb.  The  vast  accumulations  of  ice  and  hardened  snow  in  the 
Alps  and  other  lofty  mountains.     Elym.  glace,  French  for  ice. 

Glacis.  A  term  borrowed  from  the  language  of  fortification,  where 
it  means  an  easy  insensible  slope  or  declivity,  less  sleep 
than  a  talun,  which  see. 

Gneirs.  a  stratified  primary  rock,  composed  of  the  same  materials 
as  granite,  but  having  usually  a  larger  proportion  of  mica, 
and  a  laminated  texture.    The  word  is  a  German  niiiieT'B  lemt. 
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GiuMiNEJB,  the  order  of  plants  to  which  giBBses  bekmg.  £<yfl., 
gramerij  grass. 

Granitk.  An  unstratificd  or  igneous  rock,  generally  fomid  infedor 
to  or  associated  with  the  oldest  of  the  stratified  rocks,  and  I0ID^ 
times  penetrating  them  in  the  form  of  dikes  and  veins.  It  ii 
comiHMed  of  three  simple  minerals,  felspar,  quartz,  and  mica, 
and  derives  its  name  from  having  a  coarse  granular  strucUire; 
granunu  Latin  for  grain.  Westminster,  Waterloo,  and  London 
bridges,  and  the  paving-stones  in  the  carriage-way  of  the  Loo* 
don  streets  are  good  examples  of  the  most  common  vaxietiei  of 
granite. 

Grauwackb,  a  German  name,  generally  adopted  by  geologists  fix 
the  lowest  members  of  the  secondary  strata,  consisting  of  ssnd- 
stone  and  slate,  and  which  form  the  chief  part  of  what  sre 
termed  by  some  geologists  the  iranntion  rocks.  The  rock  is 
very  often  of  a  grey  colour,  hence  the  name,  grau  being  German 
for  grey,  and  wacke  being  a  provincial  miner's  term. 

Grbensand.  Beds  of  sand,  sandstone,  limestone,  belonging  to  the 
Cretaceous  Period.  See  Table  IL  F,  p.  390.  The  name  is 
given  to  these  beds,  because  they  often,  but  not  alwajrs,  contsin 
an  abundance  of  green  earth  or  chlorite  scattered  Uirough  the 
substance  of  tlie  sandstone,  limestone,  &c.     See  vol.  iiL  p.  324. 

GsEENSTONK,  a  Variety  of  trap,  composed  of  hornblende  and  felspar. 

Grit,  a  provincial  name  for  a  coarse-grained  sandstone. 

Gypsum,  a  mineral  composed  of  lime  and  sulphuric  acid,  hence 
called  also  sulphate  of  lime.  Plaster  and  stucco  are  obtained 
by  exposing  gypsum  to  a  strong  heat  It  is  found  so  abun- 
dantly near  Paris,  that  Paris  plaster  is  a  common  term  in  this 
country  for  the  white  powder  of  which  casts  are  made.  Tlie 
term  is  used  by  Pliny  for  a  stone  used  for  the  same  purposes  by 
the  ancients.     The  derivation  of  it  is  unknown. 

Gypseous,  of,  or  belonging  to,  gypsum. 

Gyrooonites.  Bodies  found  in  fresh-water  deposits,  originally  sup- 
posed to  be  microscopic  shells,  but  subsequently  discovered  to 
be  the  seed-vessel  of  fresh-water  plants  of  the  genus  cA^zra.  See 
vol.  ii.  p.  273,  and  2d  Edit.  p.  280.  Etytn.  yi/poc,  gyros^  curved, 
and  yoroc,  gonos,  seed,  on  account  of  their  external  structure. 

Hemiptera,  an  order  of  insects,  so  called  from  a  peculiarity  in  their 
wings,  the  superior  being  coriaceous  at  the  base,  and  mem- 
branous at  the  apex,  i)/ic(rv,  hemisUt  half,  and  irrt^ov^  pteron^ 
wing. 

UoRNBLsNDB,  a  simple  mineral  of  a  dark  green  or  black  colour, 
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which  enters  largely  mto  the  compoution  of  several  varieUes  of 

the  trap  rocks. 
Htoropuytbs.     Plants  which  grow  in  water.  Etym.j  v^oip,  hydory 

water,  and  fvroy^  phyton,  plant. 
Htpooene  Rocks.    For  an  explanation  of  this  term,  see  vol.  iii. 

p.  374. 

IcsBERO.  The  great  masses  of  ice,  often  the  size  of  hills,  which  float 
in  the  polar  and  northern  seas.  Eiym,^  ice,  and  berg^  German 
for  hill. 

Ichthyosaurus,  a  gigantic  fossil  marine  reptile,  intennediate  be- 
tween a  crocodile  and  a  fish.  Etym,^  ix^Cy  ichthuSf  a  fish,  and 
ffavpa,  $auraf  a  lizard. 

Induction,  a  consequence,  conclusion  or  inference,  drawn  from 
propositions  or  principles  first  laid  down,  or  from  the  observ- 
ation and  examination  of  phenomena. 

Infusory  Animalcules.  Minute  living  creatures  generated  in  many 
infimons  ;  and  the  term  infiuoria  has  been  given  to  all  sucli 
animalcules  whether  found  in  infusions  or  in  stagnant  water, 
▼inegar,  &c. 

Inspissated.     Thickened.     Etym,^  tpissui,  thick. 

Imvertebratbd  Animals.  Animals  which  are  not  furnished  with 
a  back-bone.  For  a  further  explanation,  see  *^  Vcrtebrated 
Animals." 

Isothermal.  Such  zones  or  divisions  of  the  land,  ocean,  or  atmo- 
sphere, which  have  an  equal  degree  of  mean  annual  warmth, 
are  said  to  be  isothermal,  from  c^oc,  uo«,  equal,  and  Oep/iiy, 
therm€y  heat 

Jura  Limestone.  The  limestones  belonging  to  the  oolite  group, 
see  Table  II.  H,  p.  391,  constitute  the  chief  part  of  the  mountains 
of  the  Jura,  between  France  and  Switzerland,  and  hence  the 
geologists  of  the  Continent  have  given  the  name  to  the  group. 

Kimmbridoe  Clay,  a  thick  bed  of  clay,  constituting  a  member  of 
the  Oolite  Group.  See  Table  II.  H,  p.  391.  so  called  because  it 
is  found  well  developed  at  Kimmeridge  in  the  isle  of  Purbcck, 
Dorsetshire. 

Lacustrine,  belonging  to  a  lake.    Etym,^  Lacvsy  a  lake. 
Lamina.     Latin  for  plates ;  used  in  geology,  for  the  smaller  layers 

of  which  a  stratum  is  frequently  composed. 
Lamantinb.    A  living  species  of  die  herbivorous  cetacca  or  wha] 


72  0L08SART. 

tribe,  wLicU  inbabiU  die  mouths  of  riven  on  the  ocMUts  of  Africa 
and  South  America ;  the  sea-cow. 

LiLMCLLiFBEous.  A  fttone  compoBed  of  thio  pUfees  ot  leaTes  like 
paper.  Etym,^  lamella^  the  diminuliTe  of  lamina^  plate,  and 
ferOy  to  bear. 

Landslip.  A  portion  of  land  that  has  slid  down  in  oonseqoeDoe  of 
disturbance  by  an  earthquake,  or  from  being  undermined,  bj 
water  washing  away  the  lower  beds  which  supported  it 

Lapidification — Lapidifying  process.  Conversion  into  stone. 
£/ym.,  lapit^  stone,  and  /£o,  to  make. 

Lapilli.     Small  volcanic  cinders.     Lapilhu^  m  little  stone. 

Lava.    The  stone  which  flows  in  a  melted  state  from  a  vokano. 

Leucite.  a  simple  mineral  found  in  volcanic  zocks,  crystallized, 
and  of  a  white  colour.    Etym,^  Xcvcoc*  Uucat^  white. 

Lias.  A  provincial  name,  adopted  in  scientific  language,  for  a  par- 
ticular kind  of  limestone,  which  being  characterized,  tog^her 
with  its  associated  beds,  by  peculiar  fossils,  is  farmed  in  thi« 
work  into  a  particular  group  of  the  secondary  strata.  See 
Table  II.  I,  p.  392. 

LiGNiPBRDOUs.  A  term  applied  to  insects  which  destroy  wood. 
Etym,  U^nunty  wood,  and  perdo^  to  destroy. 

Lignite.  Wood  converted  into  a  kind  of  coal.  Etym^  lignum, 
wood. 

LiTiioDOMi.  Molluscous  animals  which  bore  into  solid  rocks,  and 
lodge  themselves  in  the  holes  they  have  formed.  Etym,y  Xcdoc* 
lilhos,  stone,  and  dormUy  house. 

LiTiioLooiCAL.  A  term  expressing  the  stony  structure  or  character 
of  a  mineral  mass.  We  speak  of  the  lithological  character  of  a 
stratum  as  distinguished  from  its  zoological  character.  Elym,j 
\idoc,  litha»y  stone,  and  Xoyoct  ^ogos^  discourse. 

LiTiiopHAGi.  Molluscous  ammals  which  bore  into  solid  stones. 
Etym,y  \iQoQy  lilhoSy  stone,  and  ^yccv,  phageiiiy  to  eat. 

Littoral.     Belonging  to  the  sea-shore.     Etym,y  liUus,  the  shore. 

Loam.     A  mixture  of  sand  and  clay. 

Lycopodiaceje.  Plants  of  an  inferior  degree  of  organization  to 
Conifera%  some  of  which  they  very  much  resemble  in  foliage, 
but  all  recent  species  are  infinitely  smaller.  Many  of  the  fossil 
species  are  as  gigantic  as  recent  coniferaj.  Their  mode  of  re- 
production is  analogous  to  that  of  ferns.  In  English  they  are 
called  club-mosses,  generally  found  in  mountainous  heaths  in 
the  north  of  England. 

Madreporb.    A  genus  of  corals,  but  generally^  applied  to  all  the 
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comlfl  distitiguiahed  by  superficial  Blar-sljnpeil  cnviiicB.     Tliere 
arc  sevenil  TosBil  species. 
'Maonbsun  Limestdnb.     An  estensive    Berks  of    Iieils    lying    in 
geological  position,  iinmedialely    above  ibe  conl-ineasuTes,  bo 
called  becauBC  ibe  limestone,  tbe principal  member  of  ibc  ueries, 
contains  much  of  tbe  earth  magnesia  as  a  constituent  part.     Sec 
Table  II.  K.  p.  393. 
Hauuillart.     a  surface  which  is  studded  over  with  rounded  pro- 
jections.    F.tym.,  mammiUa,  a  little  breast  or  pap. 
Mahhifbrous.     Animals  which  give  suck  to  tlieir  young,     Etym., 
mamma,  a  breast,  amiycro,  to  bear. 

Maumotit.  An  extinct  species  of  llie  elephant  (E.  pri  mi  genius),  of 
which  the  fossil  bones  are  frequently  met  with  in  various  coun- 
tries. The  name  is  of  Tartar  origin,  and  is  used  in  Siberia  for 
animals  that  burrow  underground. 

Marl.  A  mixture  of  clay  and  lime;  usually  soft,  but  gometimea 
hard,  in  which  case  it  is  called  indurated  marl. 

Marsupial  Animals.  A  tribe  of  quadrupeds  having  a  sack  or  pouch 
under  the  belly,  in  wiiich  they  carry  ihcir  young.  The  kangaroo 
is  a  well-known  example.     Eiym,,  mamvpium,  a  purse. 

Mastodon.  A  genus  of  fossil  extinct  quadrupeds  allied  to  the  ele- 
phant. So  called  from  the  form  of  the  hind  teeth  or  grinders, 
which  have  their  surface  covered  with  conical  mammillary  crcils. 
Etym.,  /iniTToc,  maito»,  mammilla  or  little  pap,  and  oluiy,  odon, 
tooth. 

Matrix.  If  a  simple  mineral  or  shell,  in  place  of  being  detached,  be 
still  fixed  in  a  portion  of  rock,  it  is  said  to  be  in  its  matrix. 
Malrii,  womb. 

Mechanical  Obioim,  Rocks  of.  Wben  rocka  are  composed  of  sand, 
pebbles,  or  fragments,  to  distinguish  ihem  from  thoGC  of  an 
uniform  crystalline  texture,  wlitch  are  of  chemical  origin. 

Medusx,  A  genus  of  marine  radiated  animals,  without  shells  ; 
eo  called  because  their  organs  of  motion  spread  out  like  tlie 
snaky  liair  of  the  fabulous  Medusa. 

Meoalosaurus.  A  fossil  gigantic  amphibious  animal  of  tbe  saurian 
or  lizard  and  crocodile  tribe,  Etym.,  fityoKri,  mrgate,  great, 
and  aavpa,  saiira,  lizard. 

Meqathbthliu.  A  fossil  extinct  quadruped,  resembling  a  gigantic 
stoth.  Eti/m.,ftcya,  mega,  great,  and 6trp(n»', (An-i'on,  wild-licast. 

Mblastoma.  a  genus  of  Meiastomacba,  an  order  of  plants  of  the 
evergreen  tree,  and  shrubby  exotic  kinds.  £(^m.,/i(Xne,*ni'/ni, 
black,  and  crro/ja,  stoma,  mouth  ;  because  the  fruit  of  one  of  the 
Species  stains  (he  lips, 
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■miWmncRocM.    For  «  eiplanauon  ofthutoBi,MiAa 

a^  <rf  braif  iplit  into  ven-  tbia  elMik  k»v»  «  « 
bhdkta  aUed  Uc  iu  common  life,  but  aunw*!.^, 
tt>  km  tak  10  ■  diffmol  mineral    Tbe  brilW  k^ 
grwile  11*  mica.    £jjm..  bucw,  to  itine. 
Jliiu-*un.«i<.A-iii«.  MicicEors  Schwidi.  OModklig 
rf^^^Lin]  rock.,  bdoDginjt  to  the  pronan- ciunUi 
AwlMnl  fcj  lieiiig  compost  of  «  luys  jm^Mniwrfa^ 

IblNn.   toaeqilnMianofthu  term.  Toliu.p.S4 
Ifouw.    Apretbcal  didm  for  •  wft,  frreen  aDdsa 
MiJ  «ilh  Bul  and  ooogiomfralw,  belooiHng  to  (Ik 
iMlkiy  poiod.  eitoiMwIy  devrJoped  in  tte  loira-  tmri 
SwiUfriwid.    S«B  toL  iii.  p.  212. 
M«i»c«.MulliiicooiAiimi»ls.  AoinialB.  MichM()ie]]-ISi.iii 
being  aenMd  of  bona,  h*(e  soft  bodie..    Elym„  m>lk,A 
Uomou.    An  anuul   of  tbe   Murinn    or   liurJ  tn'lw. 
of  «luci  m  found  in  both  (he  fuesi]  and  recenl  sim 
NflvaconUKmoiti.    A  ^iraiid  diviiiua  of  the  tt-ceubJt  b 
fwundnl  DO  liw  plinl  bxtinj^  an)v  one  rolyltdon,  at  ri 
Efym.,  (wiDc.  mraioi,  jiniile. 
llaK'uoL    Tbe  ijiuilniicd  ri'Mmljline  the  chanioii  or  m 

foat,  kom  uhieh  the  peidune  laaek  ii  obtajoeii. 
S(dU>rti)cLiirttmyE.    A  scfie»  of  limwlone  »iraU.(tf  nUclifc 
ftolotiKil  iiojilion  i*  immediaietj  below  the  c^mI  rnnnm, 
wob  wjitdi  iJrrv  alto  Kmebmr*  aiteniate.  See  TMv  tl.  Uf.i 
Mot*,    a  knn  »ppJt(»l  in  Souiit  America  to  mud  pou«rf  g«f 

niaiiot  during  eiuptioDt. 
MriUTt  or  Snn*.    Tlie  Kifntilrc  name  fbrmmmoii 

br«ijie  il  i>  cuitipwcd  of  mumiif  »dil  aoJ  llw  xIIiiU 
UoMCU.   A  faniilj  of  tropic*!  muooeoii  li-donoos 
Ihehuantaiikuaat, 
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Bubatance,  of  nhicli  there  are  springs  in  many  countries,  parti- 
culiiriy  in  vulcanic  diBtricts. 

Nbnupuah.     a  yellow  waler-lily. 

Njcw  Reu  Sandstone.  A  sertcs  of  sandy,  argilUceouB,  and  oflen 
calcareous  strata,  tlie  predominant  colour  of  which  is  farick-red, 
but  coutuining  portions  wliicli  are  of  a  greenish  grey.  These 
occur  often  in  spots  and  stripes,  so  that  the  series  has  some- 
times been  called  the  variegated  sandstone.  The  European 
formation  ao  called  lies  in  a  geological  posilioti  imraediately 
above  the  coal- measures.      See  Table  II.  K,  p.  392. 

Nodule.  A  rounded  irregular- shaped  lump  or  mass.  Etym.,  dimi- 
nutive of  nodut,  knot. 

Normal  Ghoups.  Groups  of  certain  rocks  taken  as  a  rule  or  stand- 
ard.    Etym.  norma,  rule  or  pattern. 

Nucleus.  A  solid  central  piece,  around  which  other  matter  is  col- 
lected.    The  word  is  Latin  for  kernel. 

NuuMULiTEs.  An  extinct  genus  of  the  Order  of  Molluscous  animals, 
called  Cephalopoda,  of  a  thin  lenticular  shape,  internally  divided 
into  aronll  chambers.  Elym.,  nummm,  Latin  for  money,  and 
AiOoc,  lilhos,  stone,  from  its  resemblance  to  a  coin. 

Obsidian,  A  volcanic  product,  or  species  of  lava,  very  like  com- 
mon green  bottle-glass,  which  is  almost  black  in  large  masses, 
but  semi-transparent  in  thin  fragments.  Pumice-stone  is 
obsidian  in  a  frotiiy  state;  produced  mast  probably  by  water 
that  was  contained  in  or  bad  access  to  the  melted  stone, 
and  converted  into  steam.  There  are  very  often  portions  in 
a  mass  of  solid  obsidian,  whicli  are  partially  converted  into 
pumice. 

OoYGiAN  Deluge.  A  general  inundation  of  fabulous  history,  which 
is  supposed  to  have  taken  place  in  the  reign  of  Ogyges  in 
Attica,  whose  death  is  fixed  in  Blair's  Chronological  Tables  in 
the  year  1764  Ijefore  Chritit. 

Old  Bed  Sandstone.  A  stratified  rock  belonging  lo  the  Carbon- 
iferous group.     See  Table  L,  p.  393. 

Olivine.  An  olive -coloured,  semi-transparent,  simple  mineral,  very 
often  occurring  in  the  forms  of  grains  and  of  crystals  in  basalt 
and  lava. 

OoIiITE.  Oolitic.  A  limestone,  forming  a  characteristic  feature  of  a 
group  of  the  secondary  strata.  Sec  Table  II.  11,  p.  3!)1.  It 
is  to  named,  because  it  is  composed  of  rounded  particles,  like  thi 
roe  or  eggs  of  a  fish.  Eli/m.  laoy,  oon,  egg,  and  XiBue,  litAot, 
stone. 
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Opalized  Wood.    Wood  petri6ed  by  ailiceoiis  eartli«  and  acqnirmg 

a  structure  similar  to  the  simple  mineral  called  ofial. 
Ophidious  Rbptilbs.   Vertebrated-animala,  tuch  as  anakes  and  so* 

pents.    Eiym.^  o^ic.  ophi*^  a  serpent. 
OaoANic  Remains.    The  remains  of  animals  and  plants;  orgmhcd 

bodies,  found  in  a  fossil  state. 
Orthocbkata.     An  extinct  genus  of  the  order  of  MoUoseoos  Ani- 

mals,  called   Cephalopoda,  that  inhabited   a  long  chambered, 

conical  shell,  like  a  straight  horn.  Eiym.^  opdoc,  oriha,  stiaigfat, 

and  ccpcicy  cerate  horn. 
Osseous  Bseccia.    The  cemented  mass  of  fragments  of  bones  d 

extinct  animals  found  in  caverns  and  fissures.     Oneu$  is  a  Latm 

adjective,  ngnifying  bony* 
Outliers.    When  a  portion  of  a  stratum  occurs  at  smne  distsDce, 

detached  from  the  general  mass  of  the  farmation  to  which  it 

belongs,  some  practical  mineral  surveyors  call  it  an  fnUktr^ 

and  the  term  is  adopted  in  geological  language. 
Ovate.    The  shape  of  an  egg.    £tym.,  ovum,  egg. 
Ovipositing.    The  Uying  of  eggs. 
Oxygen.     One  of  the  constituent  parts  of  the  air  of  the  atmosphere ; 

that  part  which  supports  life.     For  a  further  explanation  of  the 

word,  consult  elementary  works  on  chemistry. 
Oxide.     The  combination  of  a  metal  with  oxygen  ;  rust  is  oxide  of 

iron. 

Pachydeeuata.     An  order  of  quadrupeds,  including  the  elephant, 

rhinoceros,   horse^   pig,    &c.,   distinguished    by   having  thick 

skins.     Etym.  iraxt/c,  pachus,  thick,  and  ^cp/xa,  derma^  skin  or 

hide. 
Pachydermatous.     Belonging  to  pachydermata. 
Paljeotherjum,  Palbothere.  a  fossil  extinct  quadruped,  belonging 

to  the  order  pachydermata,  resembling  a  pig  or  tapir,  but  of 

great  size.   Elym,  TraXatoc,  palaios,  ancient,  and  Orfpiav^  therion, 

wild  beast. 
Pelagian,  Pelagic.     Belonging  to  the  deep  sea.     Etym,  pelapis, 

sea. 
Peperino.     An  Italian  name  for  a  particular  kind  of  volcanic  rock, 

formed,  like  tuff,  by  the  cementing  together  of  volcanic  sand, 

cinders,  or  scorice,  &c. 
Petroleum.    A  liquid  mineral  pitch,  so  called  because  it  is  seen 

to  ooze  like  oil  out  of  the  rock.     Etym.  petra,  rock,  and  oleum, 

oil. 
PuANaaooAMic  Plants,    A  name  given  by  Linnaeus  to  those  plants 


in  which  tlie  repioducLive  organs  are  apparent,  Elytn.  ^ni'ifidCi 
pkanero),  evident,  and  ya/ioc.  gamas,  marriage. 
'pHVsics.  TUe  department  of  science,  whicii  trealB  of  the  properties 
of  nalurnl  bodies,  laws  of  motion,  &c.,  Bonietimes  ccLllei)  Natural 
philosofiliy  and  mechanical  philosophy.  Elym.  ifvsic,  pkt/ns, 
nature, 

iPnTTOWKiY,  Phytoi.ooical.  Tlicdepartmenlofscience  which  relates 
to  plants — synonymous  with  botany  and  botanical.  Etym. 
ipuTov,  pkylon,  plant,  and  \oyoQ,  logos,  discourse. 

PiiTTOPHAoous.  Plant  eating,  Etym.  ipvrov,  phyton,  plant,  and 
^ayciv,  phagcin,  to  eat. 

FiBLtAR,  a  misprint  for  Pistia,  in  vol,  ii.  p.  98,  1st  ed.,  p.  102,  2J 
ed.  Tiie  plant  mentioned  by  Malte-Brun  is  probably  the  Pulia 
Hratiola,  a  floating  plant,  related  to  English  duck-weed,  but 
very  much  larger. 

FisOLiTE.  A  atone  possessing  a  structure  like  an  agglutination  uf 
pease.     Etym.  n-tcov,  pison,  pea,  and  Xidot,  lilhoi,  stone. 

Pit  Coal.  Ordinary  coal ;  called  so  because  it  is  obtained  by  sink- 
ing pits  in  the  ground. 

Pitch  Stone.  A  rock  of  an  unifonn  texture,  belonging  to  the  un- 
stratified  and  volcanic  classes,  wbich  has  an  unctuous  appear- 
ance, like  indurated  pilch. 

Plastic  Clav.  One  of  the  beds  of  the  Eocene  tertiary  period  (see 
Table  11.  E,  p.  390.)  It  is  so  called  because  it  is  used  for 
making  pottery.     Elym.  nXaaau,  plasso,  to  form  or  fashion. 

Plssiosaurus.  a  fossil  extinct  amphibious  animal,  resembling  the 
saurian,  or  lizard  and  crocodile  tribe,  Etym,  irXqaiof,  plcsion, 
near  to,  and  aavpa,  saura,  a  lizard. 

Pliocene.     See  explanation  of  this  term,  vol.  iii.  p.  53, 

Plutonic  Rocbb.  For  an  explanation  of  this  term,  see  vol.  iii, 
p.  353. 

PoLTPARiA.  Corals.  Anumerous  class  of  invert  ebrated  animals, he- 
longing  to  the  great  division  called  Radiata. 

PonPHVRY.  An  unstralilied  or  igneous  rock.  The  term  is  as  old 
as  Pliny,  and  was  applied  to  a  red  rock  with  small  angular 
white  bodies  diffused  through  it,  which  are  crystallized  felspar, 
brought  from  Egypt.  The  term  is  hence  applied  to  every  spe- 
cies of  unstralilied  rock,  in  which  detached  crystals  of  felspar 
are  diffused  through  a  base  of  other  mineral  composition. 
Elym.  TTop^upd,  porphyra,  purple. 

PoRTLANn  Limestone,  Portland  Beds.  A  series  of  limestone  strata, 
belonging  to  the  upper  part  of  the  Oolite  group  (see  Table  II. 


1 


f 


78  GL088*»T. 

H,  p.  391.)i  fotind  chiefly  in  England,  in  the  Island  of  PDrttand 
on  llic  const  of  Dursctiiliire.  Tlia  ^eat  supply  uf  tbe  building 
slune  used  in  London  is  frum  these  quarries. 

PoizuoLAN*.  Vwicanic  ashes,  largely  used  as  mortar  for  buildings, 
similar  in  nature  to  what  is  called  jn  this  countr}'  Roman  cemeoL 
It  gets  its  name  from  Pozzuoli,  a  town  in  the  bay  of  Naples, 
from  which  it  is  shipped  in  large  quantities  to  all  parts  of  the 
Mediterranean. 

Products.  An  extinct  genua  of  fossil  bivalve  shells,  occurring  only 
in  the  older  of  the  secondary  rocks.  It  is  closely  allied  to  ihe 
living  genus  Tercbratula. 

Pubescence.  The  soft  hairy  down  on  insects.  Etynu,  pvietco, 
the  first  growth  of  the  beard. 

PuuicE. — A  light  spongy  lava,  of  a  white  colour,  produced  by  gases, 
or  walery  vapour  getting  access  to  the  particular  kind  of  glassy 
lava  called  obsidian,  when  in  a  state  of  fusion — it  may  be  called 
the  froth  of  melted  volcanic  glass.  The  word  comes  from  the 
Latin  name  of  the  stone,  putnej^. 

PuRDECs  LiiucsTONC,  PuRBECK  Beds.  Limestone  strata  belonging 
to  the  WeaUlen  group.     See  Table  I  [.  G,  p.  390. 

PraiTBg  (Iron).  A  compound  of  sulphur  and  iron,  found  UBiully  in 
yellow  shining  crystals  iiki;  brass,  and  in  almost  every  rock 
stratified  and  unstratilied.  Tlie  shining  metallic  bodies,  so  often 
seen  in  common  roofing  slate,  are  a  ^miliar  example  of  the 
mineral,  Tlie  word  is  Greek,  and  comes  from  wp,  pyr,  fire, 
because,  under  particular  circumstances,  tlic  stone  pro<luce» 
spontaneous  heal  and  even  inflammation. 

QuADRUMANA.  The  order  of  mammiferous  animals  to  which  apes 
belong.  Etym.,  quadrus,  a  derivation  of  the  Latin  word  for 
the  number  four,  and  mantis,  hand, — the  four  feet  of  those 
animals  being  in  some  degree  usable  as  hands. 

QiiA-gUA-VERS4L  Dip.  Tlie  dip  of  beds  to  all  points  of  the  com- 
pass around  »  centre,  as  in  the  case  of  beds  of  lava  round 
the  crater  of  a  volcano,  Etym.,  qiiH-quii.  veriam,  on  every 
side. 

Quartz,  A  German  provincial  term,  universally  adopted  m  scientific 
language,  for  a  simple  mineral  composed  of  pure  silei,  or  earth 
of  flints ;  rock-cr)-stal  is  an  example. 

Bed  Marl.  A  term  often  applied  to  the  New  Red  Sandstone,  whicii 
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is   the  principal  member  of  tlie  Red  SaiiiJatoiie  group.     See 

Table  II.  K,  p.  392. 
Reticulate.     A  structure  of  cross  lines,  like  a  net,  is  said  to  be 

reticulated,  from  rele,  a  net. 
Bocs  Sjilt.     Common  culinary  salt,  or  muriate  of  soda,  found  in 

vast  solid  masses  or  beds,  in  different  formations,  extensively  in 

the  New  Red  Sandstone  fuimation,  as  in  Clicshire,  and  it  is 

then  called  rorA;-ealt. 
Rt;>liNANTiA.     Animals  which  ruminate  or  cliew  the  cud.     Etym., 

tbe  Latin  verb  runttno,  meaning  tlie  same  tiling. 

Saccharoio,  SiccHARi.NE.  When  a  stone  has  a  texture  resem- 
bling that  of  loaf-sugar.  Elym.,  oaKKap,  sacchar,  sugar,  and 
ttioc,  ridot,  form. 

Salient  Anole.  Inazig-  No,  93, 

sag  line,  a  a  are  the 
salient  angles,  b  h  tbe 
re-entering  angles. 
Elym.,  salire,  to  leap  or  bound  forward, 

SatT  Spbinos.  Springs  of  water  containing  a  large  quanlity  of 
common  salt.  They  are  very  abundant  in  Cheshire  and  Wor- 
cestershire, and  culinary  salt  is  obtained  from  them  by  mere 
evaporation. 

Sandstone.  Any  stone  which  is  composed  of  an  agglutination  of 
grains  of  sand,  which  may  be  either  calcareous  or  siliceous. 

SaORIan.  Any  animal  belonging  to  the  lizard  tribe.  Elym.,  aavpa, 
tavra,  a  lizard. 

Schist.  Synonymous  with  slate.  Etym.,  part  of  the  Latin  verb 
icindo,  to  split,  from  the  facility  with  which  slaty  rocks  may 
be  split  into  tbin  plates. 

ScniSTosB  RocKH.     Synonymous  with  tlaty  rocks. 

ScoRiK.     Volcanic  cinders.     The  word  is  Latin  for  cinders. 

Sbaws.  Tliin  layers  which  separate  two  strata  of  greater  magiii- 
tude. 

SecoNDAav  Strata.  An  extensive  scries  of  the  simtilicd  rocks  which 
compose  the  cniat  of  lite  globe,  with  certain  characters  in  com- 
mon, which  distinguisb  them  From  another  scries  below  them, 
called  primary,  and  from  a  third  series  above  them  called  ter~ 
liary.     See  vol.  iii.  p.  324,  and  Table  II.  p.  390, 

Secular  Refrjogration.  The  periodical  cooling  and  consolida- 
tion of  tile  globe,  from  a  supposed  original  slate  of  llnidity  from 
heat.     Stpi-nltim,  age  or  pcrioil. 

Sbdihentarv  Rocks,  are  those  which  have  been  formed  by  their 
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nuOerials  iisving  bcun  lliroivu  down  from  a  elate  of  sugpenaion 
Selenits.     CryaUlUzed   gypsum,    or   sulphate  of  lime— -a  simple 

Septahia.  Flattened  balls  of  stone,  generally  a  kind  of  iron-gtone, 
which,  on  being  »plit,  are  seen  lo  be  aeparated  in  their  interior 
into   irregular  intuseB.     Etytn.,  sepia,  inclosuiea. 

Serpbntine.  a  rock  usually  containing  much magnesian  earth,  for 
the  moat  part  unstraiiiied,  but  sometimes  appearing  to  be  an 
altered  or  metamorphic  stratified  rock.  Ita  name  is  derived 
from  frequently  presenting  contrasts  of  colour,  like  the  skin  of 
some  serpents. 

Shale.  A  provincial  term,  adopted  in  geological  science,  to  expieu 
an  indurated  slaty  clay.     Etym.,  Gennan  tchalai,  to  peal,  lo 

Shell  Marl.     A  deposit  of  clay,  peat,  and  other  substances  mixed 

with  Bhclls,  which    collects  at  the  bottom  of  lakes. 
Shinolb.     The  loose  and  completely  water-worn  gravel  on  the  sea- 

SiLEX.  The  name  of  one  of  the  pure  earths,  being  the  Latin  word 
iiiijlait^  whith  is  wiioUy  composed  of  that  earth.  French  geo- 
logists have  applied  it  as  a  generic  name  for  all  minerals  com- 
posed entirely  of  that  earth,  of  which  there  are  many  of  diRcrent 
external  forms. 

Silica.  One  of  the  pure  earths.  Etym.^  silex,  flint,  becaiue  found 
in  that  mineral. 

Silicate.  A  chemical  compound  of  silica  and  another  subBtance, 
such  as  silicate  of  iron.  Consult  elementary  works  on  che- 
mistry. 

Siliceous.  Of  or  helongingto  the  earth  of  flint.  Eliftn.,  siles,  which 
see.     A  sihceoua  rock  is  one  mainly  composed  of  silex. 

SiLiciFiED.  Any  aubalance  that  is  petrified  or  mineralized  by  ri/i- 
ceoiM  earth. 

Silt,  The  more  comminuted  sand,  clay,  and  earth,  which  is  trans- 
ported by  running  water.  It  is  often  accumulated  by  currents 
in  hankn.  Thus  W'e  speak  of  the  raotith  of  a  river  being  silted 
up  when  its  entrance  into  the  sea  is  impeded  by  such  accumula- 
tion of  loose  materials. 

Simple  Mineral.  Individual  mineral  substances,  as  distinguished 
from  rocks,  which  last  are  usually  an  aggregation  of  simple  mine- 
ley  are  not  simple  in  regard  to  their  nature,  for  when 
subjected  to  chemical  analysis,  they  are  found  to  consist  of  a 
variety  of  different  BUbstanceB.    Pyrites  is  a  simple  mineral  in 
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I  lie  Bense  we  use  the  Icrni,  but  it  is  a,  dieraical  compounil  or 
lufpliur  and  iron. 
ATAN«.      A  volcanic  vent   rroin   wliicli   sulphur,   sulpliureous, 
watery,  anJ  acid  vapours  and  gases  are  emitted. 
SroRULES.     The  reproductory  corpuscula  (minute  bodies)  ofcryp- 

togamic  plains,  Elym.,  intapa,  npora.  a  aeeil. 
Stai-actitg.  Wiieti  waler  holding  lime  in  solution  deposits  it  as  it 
ilrops  from  the  roof  of  a  cavern,  lont;  rods  of  stone  hang'  down 
like  icicles,  and  these  are  called  slalactitei.  Eli/m,,  irraXafui, 
atalaxo,  to  drop. 
SrALACUiTE.  When  water  holding  lime  in  solution  drops  on  the 
Oooruf.i  cavern,  the  water  evaporating  leaves  a  crust  com- 
posed of  layers  of  limestone  ;  suclt  a  crust  is  called  ttalagmile, 
from  trraKayfia,  atalagma,  a  drop,  in  opposition  to  Klalaclili; 
which  sec. 

SnLBtrB.  A  wiiite  crystallized  aim  pic  mineral,  one  of  ilie  Zeolite 
family,  frequently  included  in  the  mass  of  the  trap  rocks. 

Stratified.     Rocks  arranged  in  ihe  form  of  Hrala.  which  see. 

Stkatipication.     An  arrangement  of  rocks  in  strata,  which  see. 

Stratuu,  Strata.  When  several  rocks  lie  like  the  leaves  of  a  book, 
one  upon  another,  each  individual  forms  a  ttralum; — strata  is 
the  plural  of  liie  word.  Etym.,  tlmlitm,  part  of  a  Latin  verb 
signifying  to  strew  or  lay  out, 

Stbikb.  The  direction  or  line  of  bearing  of  strata,  which  is  always 
at  right  angles  to  their  prevailing  dip.  For  a  fuller  explana- 
tion, see  vol.  iii.  p.  3-16, 

Si;uAP8NNrNes.  Low  hillswhich  skirt  or  lie  at  the  foot  of  the  great 
chain  of  llie  Apennines  in  Italy.  The  term  Suhai)cnnine  is  applied 
geologically  to  a  series  of  str.-itn  of  the  Older  Pliocene  period. 

Syenite.  A  kind  of  graniie,  so  called  because  it  was  brought  from 
Syene  in  Egypt.  For  geological  acccjitation  of  the  term,  sec 
vol,  iii.  p.  3 38. 

SVXC1.1NA1.  Axis.     See  explanation  of  this  term,  vol,  iii,  p.  293. 

Talus.  When  fragments  arc  broken  off  by  the  action  of  the 
weather  from  the  face  of  a  Ht«ep  rock,  as  they  accumulate  at  its 
foot,  they  form  a  sloping  heap,  called  a  talus.  Tlie  term  is 
borrowed  from  the  language  of  fortification,  where  lalii*  means 
the  outside  of  a  wall  of  which  the  thickness  is  dimiuished  by 
degrees,  as  it  rises  in  height,  to  make  it  the  firmer. 

Tarsi.  The  feet  in  iiisecU,  which  are  articulated,  and  formed  of 
five  or  a  less  number  of  joints. 

Tbutiary  Stbata.  A  series  of  sedimentary  rocks,  with  chatactcra 
Vol.  hi.  / 


which  diBtinguiah  ihem  from  two  other  great  series  of  slnti, — 
the  secondary  and  jiiiiiiary,  which  lie  beneath  them.  See 
Tables,  p.  fli,  8(C. 

Testacea.  Moiiuscous  animalB,  having  a  shelly  COTering.  Etym., 
testa,  a  shell,  such  as  snails,  wlielks,  oysters,  &c. 

Thin  out.  Wiien  a  stratum,  in  the  course  of  its  prolongation  in 
any  ilirection,  becomes  gradually  less  in  thicknees,  the  two  sur- 
faces approach  nearer  and  nearer ;  and  when  at  last  they  meet, 
the  Bttatum  is  said  to  thin  out,  or  disappear. 

Trachyte,  A  variety  of  lava  essentially  composed  of  glassy  fel- 
spar, and  frequently  having  detached  crystals  of  felspar  in 
the  base  or  body  of  the  stone,  giving  it  the  struclure  of  por- 
phyry. It  sometimes  contains  hornblende  and  augitc;  and 
when  these  laet  predominate,  tite  trachyte  passes  into  the 
varieties  of  trap  call»l  greenstone,  basalt,  dolorite,  &c.  Tlie 
term  is  derived  from  rpacuc,  trachtu,  rough,  because  the  rock 
has  a  peculiar  rougli  feel. 

Trap  and  Trappban  Rocks.  Volcanic  rocks  composed  of  felspar, 
Bugitc,  and  hornblende.  Tlie  various  proportions  and  state  of 
aggregation  of  these  simple  minerals,  and  diRerences  in  ejler- 
nal  forms,  give  rise  to  varieties,  which  have  received  distinct 
appellations,  such  as  basalt,  amygdaloid,  dolorite,  greenstone, 
and  others.  The  term  is  derived  from  trappa,  a  Swedish 
word  for  stair,  because  in  Sweden  the  rocks  of  this  class  often 
occur  in  targe  tabular  mBBses,  rising  one  above  another,  like 
the  sleps  of  a  staircase.  For  further  explanation,  see  Tol.  iii. 
p.  359. 

TnAVitNTiN.  A  limestone,  usually  hard  and  semi-crystalline,  depo. 
sited  from  the  water  of  springs  holding  lime  in  solution,  Tlie 
word  is  Kalian,  and  a  corruption  of  the  term  Tiburtinut,  the 
stone  being  formed  in  great  quantity  by  the  river  Anio,  at 
Tibur,  near  Rome,  and  hence  it  was  called  by  the  ancienU 
Lapi*  Tiburtinut, 

TaoPHi,  of  InsecU.  Organs  wliich  form  the  mouth,  consisting  of 
an  upper  and  under  lip,  and  comprising  the  parts  called  maiH 
dibles,  maxillic,  and  palpi. 

Toff,  or  Tufo.  An  Italian  name  for  a  variety  of  volcanic  Tock,  of 
an  earthy  texture,  seldom  very  compact,  and  composed  of  an 
agglutination  of  fragments  of  scoriae  and  loose  matter  ejected 
from  a  volcano. 

Tufacbous.    a  rock  with  ihe  texture  of  tuff  or  tuFo,  which  see. 

TunaiNATED.  Shells  which  have  a  spiral  or  acrew-form  structure. 
Etym.,  MrAfnotet,  made  like  a  lop. 
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Veins,  Mineral.  Cracks  in  rocks  filled  up  by  substances  different 
from  tbe  rock,  wbich  may  either  be  earthy  or  metallic.  Veins 
are  sometimes  many  yards  wide ;  and  they  ramify  or  branch  off 
into  innumerable  smaller  parts,  often  as  slender  as  threads,  like 
the  veins  in  an  animal,  and  hence  their  name. 

Vertebrated  Animals.  A  great  division  of  the  animal  kingdom, 
including  all  those  which  are  furnished  with  a  back-bone,  as  the 
mammalia,  birds,  reptiles,  and  fishes.  The  separate  joints  of  the 
back-bone  are  called  vertebra,  from  the  Latin  verb  rerto,  to  turn. 

Vesicle.  A  small  circular  inclosed  space,  like  a  little  bladder. 
Eiym.,  diminutive  o(  vesica,  Latin  for  a  bladder. 

Volcanic  Bombs.  Volcanos  throw  out  sometimes  detached  masses 
of  melted  lava,  which,  as  they  fall,  assume  rounded  forms  (like 
bomb-shells),  and  are  often  elongated  into  a  pear  shape. 

Volcanic  Foci.  The  subterranean  centres  of  action  in  volcanos, 
where  the  heat  is  supposed  to  be  in  the  highest  degree  of 
energy. 

Zeolite.  A  family  of  simple  minerals,  including  stilbite,  meso- 
type,  analcime,  and  some  others,  usually  found  in  the  trap  or 
volcanic  rocks.  Some  of  the  most  common  varieties  swell  or 
boil  up  when  exposed  to  the  blow -pipe,  and  hence  Uie  name 
of  (e(tf,  260,  to  froth,  and  XiOoc,  lUhos,  stone. 

Zoophytes.  Corals,  sponges,  and  other  aquatic  animals  allied  to 
them,  so  called  because,  while  they  are  the  habitation  of  animals, 
they  are  fixed  to  the  ground,  and  have  the  forms  of  plants, 
Eiym,,  Ijtiiov,  zoon,  animal,  and  ^pvrov,  phyton,  plant. 
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dike  In 


volcan 


Animals,  their  fotslliiation  partial,  31 
remaioi  of,   in    the    aucceuiie  ter- 
tiary periods,  59 
Anoplotherium   (bund  in  the  fresh-water 
formatioD  of  the  Isle  of  Wight,  281, 317 
Anthracite,  whence  derived,  373 
Anticlinal  avii  of  Ihe  Weald  valley— tee 

vood-cut*  Nos.  63  and  64,  28S 
Anticlinal  and  tynclinal   lines  deacrlbeil-v 
SCO  wood.sut  No.  68,293 


Anlicliiial  linM,  how  Ul  Ihosa  formed  at 
Ihe  uma  lime  ire  pinllel,  349 

Ant'ltes,  recenl  «hclli   imheddeJ  In  linie- 
u»».  In  Ihe,  133 

letlcd  into  nwrble  'ay 


A  a  ler^e,  \nta  rcMing 


ln[M<llB,  369 
altered  coi 


ind  llu  ii 


Apoltinarii  does  not  menlion  th1D  vdIcuds 
in  hi>  deicripiitin  of  Auvergnr,  3G9 

AreH  of  lediniBDtuy  depatilioni  ibiFUng 
of  (he,  26 


ArgilUeaoui  airUo,  changa  ouieil  by  i 
'"totUtain.rO 

river,  yellow  und  like  the  Subapcn 


Argilli 

dik*  at  1» 
Aran,  river, ; 

ainni  deyoeilad  b; 


ivitj  in,  -29,  270 
Ailrani,  cruer  oi;  IS7 
AilMiia  o(  Plato,  330 
Alrio  del  Catallo,  dikti  iu  the,  XH 
Aurilltc,  (rwh-iviler  tormBliun  o[,  236 
silK  liiundint  in  lli«  froili-waler 

lUila  of,  237 
I  .  retumblance  ol   the   fnuh-tciler 

lime-atone  and  flint$  la  Ihe  chalk,  237 

..-prouf*  of  the  gradual  depotiiioa  of 

'  Ihe  rreih-waler  mirli  of,  239 
Auilralian    brecciu,  bones  of  laarsupial 

animal!  in,  143 
Auvergne,  appearance  of  some  of  llie  Uvu 

of,  94 
.  poiition  oF  tlie  Miocene  alluiiui 

— see  vinod-cul  No.  54,  'H7 
—  anlinct  quadrupeds  in  ihe  allutiuini 

of,  218 

age  of  Ihe  volcanic  mckiof,  231 

lieuilrine  deposllt  of,  22B 

volcanic  rocks    of— aee    wood-cut  No. 

56.  226 
lertisry  red  mart  and  landiloua  of, 

like  new  red  undiloiie,  229.  333 

. indusial  limealone  at,  232 

dip  of  Ihe  lerliary  rtraL.  of,  233,  235 

arrangement  and  nrigin  ul  Ihe  freth- 

trater  formation  of,  233 
anitney  of  Ihe  lerliiry  deposit*  of. 


>t  Ihe  I 
-  geogriphieil 


II,  241 


f    a& 


if  the  P>ri 
II 

probably  once  coniiecLod  witn    Ih 

Pari!  bisiTi  by  a  chain  nl  lakes,  241 

volcanic  rocks  of,  257 

igoBQus  nicki   aitocialed  with   the 


volcanic  breccias  of,  liow  formed 
.noiof,  260,3G3 
iiion  of  erupliuiis  in,  '2riO 
:a(aled  through    Uvi 


alluviinnt  of  ilit 
kiitNo.r.I.2(ifi 
11.01  of,  26S,  369 
drposll  of  calcireouj 


|io,  elevated  n 


nan  on  I 

131 
Baobib  tree,  ill  liio,  probable  aie,  ^.i 

99,  273 
Biraque,  la  Petite,    secliaB   of   Terticil 

No.  57,  231 
Uoicelona,   heiehl  of  Lb*  marioe  lerUaiy 

>ir>taof,  193 
Sarcombe,  leclian  from  Ihe  Dorth  escarp- 
ment of  the  South  Dowpilc    ecewoed- 

cutNa.71,  29G 
Binone,  gypium  found  in   the  Subipeo- 

nine  marli  near,  159 
Basalt,  theory  i>f  tlie  aqueous  irigin  at,  4 
Piterni,  &c., 
,',  8"i 
Bulerol,  U.  de,  on    Ihe    foitil  ihelU  uf 

Bonleaui  and  Dai,  20,  206 
llatiach,  Mount,  granite  vciut  of,  3S7 
Bay  of  Trezii,  aub-Btnean  fotmatiue)  ■>- 

posed  in  the,  73 
proofs  of  incUet  tubniiiinG  emp- 

tioiig  in  Ihe,  78 
Bayonue,  i^e  of  the  tertiary  itr>ta 


Basalt,  theory  i>f  tlie  aqud 
Biialu  of  the  BayotTrei 


Beau ch an 


r,  343 


incliDalion  of  the  cng  al 


iliells   ia   (.alcairt  gtooicr 

at,  iib'i 
Beachy  Head,  Urminitioti  of  Ihs  cHilk. 

escarpment  at,  291 
thickness  of  Ihe  upper  greca-nid 

at.  292 
Qeginnlng  of  things,  [uppaseil  proob  tit, 

363 
Delbet,  leclion  ol  white  limeslima  in  lli« 

qu.rry  of,  237 
Belgium,  lartiacy  formaliont  of,  276 
fos>it    ehell*  from— tee   UbIe,A|i-' 


remains  fouttd  tt 
JI7 

I 

wuod-ciil    No,  S!/ 


1 


t  marl  tnth  ^ilU  at  th*  Vil  dj  Nolo, 


170 


a  of  ibe^Morei, 


BoIm,  Doa  Fnnclica,  on  the  toloiBOt  of 
01at,inCitiloni(,IB7, 191,  19;) 

oa  Ihe  deiLfuction  uf  Olot  bv  e»rth- 

<]u^e,  ml42l,ISl 

Bondli,  Signor,  dd  Iha  fonil  >htll>  of 
.,jg 


IfiG 
-  an  Lhc  fosti)  shell)  ( 


ti  or,  SO,  2116 
th«luiiiior,20 

■  Fmtil    ihelli   of  —  Me    Ubl*,    Ap- 

Bonnida,   lertl*>r   ilrala  of  the  vtUey  of 

■he.  :jii 

Bdhiuh  da  Totca,  a  mound  of  In*  near 
oU,  185 


Un  Id  diWnniiiiDg   lhs   i 
rcblioniofiiraii,  208 
(am  nolute  viguelf  e 


iplofod  bjr, 
»  of  Hun- 


^^  on  iha  lorUtrj  tbrmillDi 
pry  tnd  IVanijIvuie,  213 

an   Ihe    fouil   ihells   of  Hoogiry, 


j        bit  objaotioni  to  tha  Ihtory  of  U. 

,    Elia  di  BwuDioiit,  3-16,  347 

Bouillet,  H.,  on  Ihe  cillnct  ijuailrupeda  of 

UoDi  Pairier.  HIS 
'   00  alluviuiiii  of  diOaranl  iget  in 

Autergne,  267 
Boulada,  poiition  of  Ihe  alliiiiumi  of  the 
.    -.«ae  wood-cut  No.  64,  217 
Boulon    and    Certt,    [tip    of    Iha    tanliry 

alnUbetnao,  17Q 
Bourbop,  [tie  of,  k  lolcuiic  etuptlaa  every 

two  ywtn  in  the,  303 
Sowdicb,  Ur.,  fbuil  ihelli  of  receni  jpe- 

cica  brought  from  Madeira  by,  134 
3(*(aiiia  rliei,  biown  clay  depuited  by 

th«.  161 
Sreaka  in  the  Mrtw  of  tuperimpoKd  for- 

malioni,  rauHi  of,  26,  33 
-BwooM*  in  (he  V>l  del  ISove,  93 

oaatou'i  ID  Sicilian  cavet,  130 


144 


I    (he    Horeai 


and— «ea  <rood-eul  No.  it.  217 

volcanic,  of  Auvargoe,  2&9 

Brighion,  deposit  containing  receni  thelli 
in  Ibe  clitTi  near.  1S2 

led,  U7 
ase.  H?.  Y7a 


,  147,  272 
he  ■e.ti.fy 
e>,  IB,  lib 


on  Ihe  number  oF  sheila  ' 

luly  and  ihe  Paris  biiio,  1 5i 
on    the  age  of  Ihe    Italiai 

•trala,  ISa 
on  the  organic  remain*  of  Iha  aub- 

Apennine  (trala,  16S 
Bromley,  pebble  with  oyilen  iliached  Co 

il  found  in  lhs  plaitio  cUy  al,  'i7S 
Drnngniart,  U.  Alei.,  on  Ihe  tonniliaai  of 

the  Pa  til  baain,  16 
on  Ihe  coDglnmerala   of  iha  hill  of 

Ihe  Suparga,  21 1 
i  tabular  view  of  hi)  amngemenl  et 

ihe  alrala  of  Ihe  Parii  baain— •<•  woad> 

cut  No,  58,  ^43,  347 
Bronn,  M.,  on  Ibe  loeii  of  the  Rhine,  151, 

153,154 
Brown  ooal  formalion  near  the  valley  of 

tha  Hbine,  1S9 

organic  nmaini  of  Ihe,  200 

nruel,  quarry  oF,  237 

Buckland,  Dt„  on  the  Vil  .lei  Bove,  83 

on  the  grooved  (ummiu  of  lh«  Coi*- 

lorpiiine  llilla,  N7 

on  Ibe  etfeeU  of  Ihe  Deluge,  271 

OD  Ihe  PlLiic  clay,  279 

on    tertiary  oulllcn  on  ehaU  hill*, 

233 

don  and  Kimpahirr  baiius,  283 

OB  valley*   of  elevation,  3M,  307, 

SOU 

Budoahagy,  nnl  exhaling  lulphureou*  vb. 

poura  ID  the  mounliin  of,  233 
BuFadon,  Jet*   oF  air   from  lublerranean 

caveins  called,  190 
Bulimui  montanua  drifted  from  the  Alpt 

into  the  Medilerraneaa,  48 
Buried  conea  on  Ulna,  ieotioni  of,  88 


Burton, 


Ur.  J.,  1 
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Cftira,  grew  nvd  conUinKig  tbcllt  at,  811 

Calabria,  recent  tertiary  straU  of,  22 

— '  eflVrto  of  the  earthqaakc  of  1783, 

142,319 
Calais,  ripple  marks  fofmed  by  the  winds 

on  the  dunes  oear»-sce  irood-c«t  No. 

36,  176 
Calanoa,   la>a  of  Etna   turned   from  its 

courae  by  the  hiU  of — tee  wood-cKt  No. 

18,86 
..—  description  of  the  ralley  of,  85,  91 
Calcaire  grossier,  alternation  of  the  Plastic 

clay  and,  244 
.-^  number  of  fossil  shells  of  the,  24S 
,        abundance  of  cerithia  in  the,  245 

—  alternates  with  fresh-water  limetlooe 
;atTriel,246 

—  manner  in  which  it  wai  deposited, 
246 

—  in  paK  destroyed  when  the  upper 
marine  strata  were  formed,  248 

■  abundance  of  microscopic  thelli  in 
the,  250 

Palaeotherium  and  fresh-water  shells 

in.  252 
Calcaire  siliceux  of  the  Paris  basin,  246 

■  alternates  with  calcaire  grossier  at 
Triel,  246 

—  how  formed,  246 
Calcareous  grit  and  peperino,  sectioni  of 

— see  diagrams  Nos.  9  and  10,  72 
Caltagirone,  blue  shelly  mart  of,  66,  67 
«—  fossil   shells  from-^see  list,  Appen- 
dix II.,  55 
Caltani«etta,  dip  of  the  tertiary  straU  at, 

74 
— ^  list  of  fouil  shells  from,— Appen- 
dix 11.,  54 
Cambridgeshire,  great  line  of  chalk  escarp- 
I    ment  from,  to  Dorsetshire,  315 
Campagna  di  Roma,  age  of  the  volcanic 

rocks  of  the,  183 
Campania,  tertiary  formation  of,  118 

■  comparison  of  recorded  changes  in, 
with  those  commemorated  by  geological 
monuments,  118 

■  age  of  the  volcanic  and  associated 
rocks  of,  126 

■  external  configuration  of  the  country 
how  caused,  127 

■  affords  no  signs  of  diluvial  waves, 
I    128 
Canadian  lakes,  changes  which  would  take 

place   in  the  Gulf  of  St.  lawrence  if 
they  v^ere  filled  up,  28 
Cantal,  fresh-water  formations  of,  236 
•- —  fresh-water  limestone  and  6ints  re- 
sembling chalk  in  the,  237 

■  ■      proofs  of  the  gradual  deposition  of 
marl  in  the,  239 

Cape  Wrath,  granite  veins  of — see  wood- 
cuts Nos.  85  and  b6,  Z^\ 


Capitol,  bffl  of  th€^  a  ^ttmsk  vT  i 

tufa  found  on  the,  138 
Capo  Sairta  Cr«ce,  aMIy  lii 

on  lava  at,  68 
Capra,  flowing  of  the  Isvaa  of  1611  sad 

1819  rovwl  th«  rock 

No.  21,  92 
^^^  traverMd  by  dikes,  9% 
Carboniferous  aeriea,  32S 
Carcare,  tertiary  atrata 

Mo.  55,  2tl7,  228 

fovNl  ahella  of,  81 1 

Cardooa,  rock  salt  of,  its  relative  age,  333 
Casamiceiol,  abetis  tomwd  in  siratiicd  taff 

at,  126 
Caspian  Sea,  level  of  the,  89, 871 
CasCell  ds  SIoIIot,  rsvwo  mcBvatediiba 

opposite  the,  189 
CiiteU  Pollitt,  ssunt  of  tbs  tava  alMBiC 

— see  map,  wood-cut  No.  43, 184 
— —  seetloB  of  lava  cut  thraagfa  by  liw 

at— see  wood-cut  No.  48, 18^  191 
Castellod*Aci,81 
Castrogiovanni,  section  of  the  Val  di  Nsto 

series  at    sss  dbfrMa  Na  5^  64 

hill  of,  iu  height,  66 

capped  by  the  Vai  di  Nelo  bM- 

atone,  66 
—  fossil  fish  iband  la  upm—i  wrb 

at,  67 
-^—  list  of  fossil  ahells  fnMk— Appcadii 

n.,55 
Castdgomberto,  fossil  shells  of— sseTabk, 

Appendix  I.    - 
Catalonia,  volcanic  district  o^  183 
-^—  extent  of  the  volcanic  region  of— see 

map,  wood-cut  No.  43,  184 
^— -  volcanic  cones  and  lavas  of— (see 
Frontispiece),  185 

—  ravines,  excavated  throagh  lava  is, 
188, 189 

age  of  the  volcanoa  of,  191 

■  superposition  of  rocks  in  the  vtJ* 
canic  district  of— see  wood-cui  No.  47, 
192 

Catania,  volcanic  conglomerates  ibiauDg 

on  the  beach  at,  73 
plain  of,  75,  76 

—  marine  formation  near,  78 
Catastrophes,  remarks  on  theories  respect* 

ing,  6,  33 
Catcliflf,  Little,  section  of  part  of,  showing 

the  inclination  of  the  layers  in  opposite 

directions— see  wood-cut  No.  33, 17S 
Cavalaccio,  Monte,  shells  procured  frota 

the  tufis  of,  79 
Caves  in  Sicily,  osseous  breccias  found  b, 

139' 

■  perforated  in  the  interior  by  litlKh 
domi,  140, 141 

Australian,  bones  of  manupial  aai- 
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C*ia  dcUe  NeVB,  hollow   in   tuiKt  calltil 

CliiinaUerei,  neat  Clermont,  teclioii    at. 

Ibc.  I'7 

228 

i^^  iBcieol  M«-bcMb  tetn  nB«r,  127 

Cbamixin,  lake  of,  foimed  by  Ihe  lata  of 

Ctllenl,  1.1.  currcnl  of— .«  m.p,  wooJ- 

il.=  I'uv  de  Tarlarer,  264 

cut,N(i  43,  IS4 

ChaBiouni,g1acicreor,  lau 

—  MCllon   alwce  the   biidea   af,— ice 

Cbampheix,  tertiary  red  marla  of,  220 

WMHl.cul  No.  45,  188 

Chan-poieon   iu    Ihe  Alps,   alrala  alltrcd 

CfDIral   Knncc,   •olcmiic  rock*   vt,  224, 

near,  371 

257 

—■eeuoud-cut  Mo.  57,231 

■ analngy    d    the     leHiiry     dEp<Kil> 

Chill,  Newct  Pliocene  marine  >tinl.  at 

uf,   Id  Ihose   oF  Ilia    Piiii   basin,   241, 

great  height*  in,  130 

:  fi47 

Chriilie,  Dr.  T,,  hi<  account  of  ll.e  Cavo 

yilUp  of,  ho«  formed,  319 

ofSaaCiro,  149 

Cer,    vallry   of   Ihe,    (cclmns    of  fuILtleJ 

nn  caitrns  in  Mount  Belitmi,  Sicily, 

norls  in  th«.  239 

143                                                             ' 

Ctral  >nd  Boulon,  dip  of  Ihc  WniiiV  iU.<« 

Cirque  of  Oararnir,  Jo  Ihe  Prrenees.  68 

b*l-e(n,  170 

Ci.ien..  on  Eina.  formed  by.  suUidcnco 

in  1792,96,129 

•ier,  24a 

nological  oriler,  45 

Blont  PCrrier,  218 

Chvlnl,  |)iiDl>iic  Umeslone  of,  232 

-.ee«ood-cal  No.  83,366 

may  be  altereil  into  ih.lc,  373 

trnti— «ce  wowJ-cut.  Nu.  41  n<i  42, 

179,  ISO 

373 

■— Englidi  lenim  sirWa,  (outonntble 

Clemionl,  leclian  of  littoral  depotiU  iieat, 

t  to  the,  282 

228 

teelion  of  torlical  n.tli  near— see 

Ac,  OK  ill  turftce,  282 

*ood-cutNo,  57,  231 

>^—  tcrlim  ouditn  on,  283 

buun  in  [he,  fll[ed  wilh  Hii<]   iiC4r 

frrsh-walcr  limeilono  near,  258 

.     L««M,21i3 

Clifi.Mt.,  on  the  honca  uf  animaU  from 

and  upp«r  ereen  UDil  of  iheWe.lil 

Australian  ca>r>,  144 

Tilleir,  286 

Climate,  effecU  of  change)  of,  on  iptciu, 

44 

ODC«  KKli««— .«  v-ood-cuto  No».  6S 

Coal  reduced  lo  cinder  by  Irap  dike,  370 

•    ■Ml6e,SS9,290,291 

Coile.  freth-«atar  formuion  of,  137 

. whjr  no  niii»  o[,  nn  the  cenlral  dit- 

•■     trici  of  lh«  Weald,  29& 

fossil  sheila  of  livinc  species  io  llie. 

138 

of  Ihe  North  and   South  Down.,  I<> 

Comb  Hur.l,hilliot,  279 

Ciinie,  Uia  current  of,  186 

Conception  Bay,  [oaail  ihetl*  of  recent  arw 

-     Ihal  It  w»»  noca  conlinuoui  coinidered, 

cies  found  at  great  heighit  in,  130 

301 

_   talleri   and   furrows   in    Ihe,    ho* 
nuieit,  311 

• DOW  formed  by  the  then  near  Nice, 

168, 169 

eliS-i,   rapid    oula  «f    on    Suuti 

liine  renuimi  fur  llie   furmaliun  of 

cout,  311 

great  bed*  01,179 

m—  crtatcat  aleialion  all.ined  by  i\  in 

E.[luJ,  314 

73 

fe*'   ''"^  "^  cicarpment  formed  bji 

now  forming  on   llie  ihorei  of  Ca- 

-     Ihe,  llirouBhlhacenlrJparliofiingiand, 

tuiia  anil  Ischia,  73 

3ia 

Coniemporaneout   origin   of  Itucki,   how 

. nearly   all   the  la-"l  ii   Europe  hu 

dclermined,  37 

emerged  aioee  the  depwiilion  of  the, 

330 

Ccnlinenta,  position  of  former,  3S8,  ] 

has  been  clevUed  al  •ucceMiva  pe- 

•     ri«d..33l 

in  the  Lie   of  Cyclops— ice  «M 

converted   inlo   marWo   by  trap  dike 

Nu.  15.89                                                   ^^_ 

-     in  Anirim,  3119 

Conybeare,   llcf.  W.   D.,  on  tl.t   B>     ^^^M 

Clialk-flinbi,  analyiU  of,  23S 

^^^H 

^^^^M 

Conybeirv,  Bcf.  W.  D.,  on  Iba  Ihlcknm 

of  the  LanclDD  clay,  '279 
op  ih«  oi^»nie  reiii»iii»  of  iht  Lon- 

duDclay,<iSO 
on  igdcDUlloni  In  Ihe  chalk  nnr  Ro- 

ch«1ar,  2S3 
m  lh«  ininaverte  ••ll*y>  of  Ihe  North 

and  Snulh  DDwnt,-298 
on  Ihct  fanner  continuilj  of  Iha  chalk 

of  the  North  and  South  DowDi,  303 
■ hit  ubjeclluni'  lo  thi  theory  o(  U. 

do  Bfliuinont,  348 
Coamb,  view  of  ihe  ravine  called  the,  m 

Lewei— tee  nood'CU(  Nu.  75,  3UI 
Coqtii mho,  parallel  riwdt  o(,  131 
CoraJi  itaiiiling  erect  among  Igneou*  and 

uiueaHB  rofmationf  at  Oillcri,  73 
Cornwall,  granite  velna  at — KB  wood-out 

No.  B7.  355,  370 
a)g:lllueou*achiit,  can  tiloing  organic 

rcmaini  in,  376 
Coiti  de  Pujuu,  ilrueture  of  llie  hill  of— 

see  fronliepiece,  186 
Coislorpliiae    hilli,    parallel   grouve)  on 

ihalr  tummila,  how  foimed,  147 
Cotentin,  tertiary  ronnalion  ot  llie,  276 
Couilea,  tertiary  red  marl  and  Hnil-atoneol, 

like  ■  new  red  und^loDe,-  229 
OouM,  riter,  lake  formed  hy  Ihe  Dlling  up 


f 


Crag  of  England,  org.nioremai 

ilarelaliToage,  171 

«-  —  number  of  ihella  found  in 

relative  potitloii    of  the- 

No.  30,  172 

wiHHl-culi  173,  174,  175 
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Cuni>,  Mr.  J.,  on  the  fbsail  inweti  of  Aii, 

in  Proionce,  277 
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sand  nilh  ihella  found  ni 
bonea    of    iho    mami 

alluvium  at,  lil 


\>   foui 


19  of  the,  3B7 
rtiary  Itrata  of,  170 
ction  of  limcitone  gnd,inQ 
wood-cut  No.  88,  356 
1  at  diffannit  periods,  13,  357 
;ef™oitr.j  into.  361 
of,  13,363 

;c  of  gneiii  into,  36T.  372 
es    produced    by   its   contact 
It  slraia  of  lias  and  oolite  in  the  Alps, 

eir  Ttrioui  forma   and 
'    mineral    cnmpoiitinn— aee    woodHjula, 
Nm.  85, 86,  S7,  and  08, 3&3, 3^  370 


>r  rocki, 

ear  Nice,  lerliary  alraU  fouuU 

e.activc  volcano*  in,  133 

jignor,  on  the  ihelli  of  (he  gyp* 

llonte  Cerio.  !59 

marta  conlainlnr  iiih  found  at 

iovauni,  63,  67 

iiidmarla,Df  the  Parii  basin,  247 

a  of  quadtupeda,  &«.,  io,  261 


OD  the  entire  abaenc< 

miins  in  the,  258 

of  St.  Romain  on  thi 

bade  of,  inlenlratia 

Apenniue  maris,  159 

. .malttred  thelU  in  the,  IS0 

CyTogonileii,  abondsnt  in  lb*  fre>b-*ater 

funnalioni  of  Iho  Paris  basin,  250 


with  Ihe  mb- 


Hall,  Sir  Jamea, 

124 
onlhegro. 


perioitataon  ncki, 
luDiDilli  uf  the  Cor- 
e  parallel  n>*da  ol 


Hall,  Capl.  B.,  o 

CiKjuiinbo,  131 
on  vertical  dikes  of  lava  iu  Madeira, 

134 
~  on  the  veiui   Irarersing  the  Tkble 

Mountain,  Cape  of  Good  Hope,  3M 
Hamilton,  Sir  W.,  hii  aecaunt  of  Itie  etup- 

lion  ofVeiuvioaIn  1779,  128 
Hampahire  baiin,  tertiary  forualiona  of  ibt 


-^appiiboniugh,  diapinal  ilratificatiM  oF 
the  crag  strata  near-— tee  weodcsl  No. 
32,  174 

Uni  mountaifiB,  geological  and  stoara- 
phical  axes  of  the,  346 

-lasllng*  sandi,  their  composition,  986 

anticlinal  aais  toimed  by  the,  287 

,  fresh-water  foruialioa  of  lh«, 


235 


■n  Hill, 


if,  2S1 


He:tt,iU 

strata,  331 
Hehriil«s,age  of  the  Tglcauic  rockaoF  th^ 


^^^p                              iNDBx.                                      -gs        1 

hiddben,  ih>lli  found  ia  Iht  hen  it, 

[Jienne,  vnlcinic  monnlain  of.  ZSa                              1 

132 

iHK  ind  grxvfl  allcniiling  at,  153 

lokjien  Hill,  Ihe  hi|[hest  point  of  the  chalk 

.^—  granites  of  diflerinl  lg«  n»r,  3:>7 

in  England,  314                                                           ' 

HoB«lo»,  Proteuof,  on  Ihi  chmngei  cmied 

Inlqnd   cliff  Dear  Dai— tee  H'Dod-cul   No. 

bf  .  »lc>nl<:  d.k*  ID  Angle...,  3C8 
Bibtxrl,  Dr.,  on  the  eilincl  volamo.  of 

53,  2(19 

[..land  Clio's  on  Bast  side  of  Val  di  NotO, 

Ibe  Hhioe,  IS?,  201 

HI 

——   on    Ihe   loess  of  Ihe   valley   of   Ihe 

rniecu,  fossil,  of  Aix,  S77 

.      Bhiiit,iai 

Uclila,    volcanic    conglnmcratei   now    in 

progress  on  Ibe  ihores  of,  73 

Val»,  319 

fouil  ihtlls  of  recent  species  found 

BiffbbMEh,  in  E>KI,  height  of   the  Lon- 
don c1a>  >(,  312 

a(  great  heiehts  in,  13() 

eilemal  conflguraUon  of,  how  ciuied, 

127 

Sicily,  63 

list  of  fouil  ihelU  troni— Appendix 

k on  Uie  limUloD*  of  Cipo  SuU  Cnjce, 

11.,  57 

6S 

■lie  of  Bourbon,  a  lolotnic  eruption  etery 

—  en  Ihe  new  wUnd  of  Sclicen,  71 

(•0  yean  in,  363 

. on  the  V.1  del  Bove,  88 

Isle  of  Cyclop!,  iu  (he  bay  of  Tr«i«,  view 

ta—  on  «Te  deposltt  in  Sielly,  I39>  140, 

of— m  wood-cut  No.  14,79 

141 

>u  height.  &c.  79 

Bondurai,  recent  ttnti  of  ihe,  133 

ilntifled  marl  railing  oil  columnar 

teDmblendi  Khiit,  altered  ct>r  or  fhale, 

lava  IQ  the-^-aee  wood-«ut  No.  14,  79 

373 

Horner,  Mr.  Leonird,  hi>  mip  of  the  n>l- 

stmU  cf-sce  wood-cl  No.  IS,  SO 

cmic  dialricl   uf   the  Bifel  and   Uwer 

divided    into    too   parts   bv  a  Brest 

(Uture,  80 

■ on  the  geology  ol  liie  L.o»er  Rhino 

■ndRirel,  2U1 

lava  in— aee  wood-cut  No.  16,  SI 

BubI,  H^  on   ucondary  Btril*  illered  into 

laviB  of,  not  currenla  frum  Btna,  81 

gneiu  in  (he  Alps,  372 

1^  of  Purbeck,  traverKd  by  a  line  of  ter- 

on  mudein  granite  in  the  Alp<,  3!>B 

licalor  inclined  stnli,  315 

Hnmu  remains  noo  becoming  Imbedded 

Isle  of  Wight,  geology  of  the,  IS 

in  ouenus  breccias  In  (lie  Morea,  144 

fall  of  one  of  Ihe  Needles  of  the,  Into 

the  M»  in  1772,  181 

pul  at  AiU,  below  the  letel  uf  the  tea, 

fresh-water  stnla  of  the,  280 

Htindiniek,  bed.  and  wnt  of  quarli  fourd 

317                                              '         ' 

verticil  strata  or  the.  319 

Italy,  tertiary  .traU  of.  IB 

»—  (go  of  Ihe  tertiary  strata  of,  2t& 
volcanic  rockj  of,  'iH 

age  of  the  volcanic  rolrks  of,   163 

number  of  living  specie*  in  the  fMsil 

shells  of— see  Appendii  1.,  47 

-—  >«■  nf  Ihe  igneous  rncks  of,  823 

Hutton,  hii  opinion  at  to  altered  ledlmen- 

number  of  Ibuse  common  to  Sicily 

and,  .*.  47                                                  ' 

Ury  rocks,  382 

number  commoB  to  the  Cr^  »nd. 

gnei«>,  36fi 

ii.  47 

number  common   (o  Bieily,  Ihi 

for  primiry,  374 

uid,i&.47 

in,  375 

J.ck,  Dr,  on  the  geology  of  the  island  of 

'—  rocks,  (heir  identity  of  character  in 

Pulo  Niss,  134 

disluil  regions.  376 

Jamaica,   fossil    shelU  of   recent    mecies 

produced  in  all  ages  In  equal  qnan- 

from,  in  the  British  Museum,  133 

lilki,  377 

Jon,  iDbsidenee  of  Ihe  volcano  of  Pkpan. 

—  their  nlatiie  age,  377 

dayaof,  in  the  i>la<.d  of,  96 

. volume  of,  formed  linco  the  Eooeoe 

yegetalion  destroyed  by  hoi  mlphntic          fl 

peri«],  3H1 

water  from  a  mnunlaln  in,  ^53                         ■ 

Jobert,  H.,  ou   the  citind  quadruped*  of           ■ 

MonlPerrier,al8                                                   ■ 

wbcievet  they  an  diualved,  U9,  l&U 

on  the  hill  of  OergoTla,  238                         ■ 

Jobtrt,  M,,'on  the  difftrent  »-e»  of  Au- 


JdruUo,  lime  tor  which  Ihe  lira  o<,   re- 

Uined  ill  heal,  363 
Jura,crrmlic  htodiiorihe,  IJi) 

KaiMnlnlil,  volcanic  bills  In  Ihe  plaint  oP 

tlm  Rhine,  \h2 
covered  nearly  lo  their  summils  with 

loeia,  li'I 
Kitavolhnns  of  Ihe  |>1>xii  orTripolHu  now 

filling  up  with  oiteoiH  brecciu,  144 
Kaler,  C«pl^  on    recent    depoiils    neir 

KimBgate,  182 
Kefenlein,  M,  hii  objectinns  lo  M.   de 

Beaumont's  theory,  347 
Kingiclere,  valley  of,  ground  plan  of  the 

— les  woodcut  No.  78,  305 
S(i:lian  »croii   the,   from   North  lo 

South— lee  wood-cut  No.  79, 305 
^—  lection  of  the,  with  the  height!  nn  t 

true  Kale— see  wood-cut  No.  80,  306 

inliclinil  niii  of  Ihe,  306 

prooff  of  denudition  in  the,  307 

Killu  of  Coruwali,  370 

Uwli,laUe.crMeraf,  197 

Luuttrina  depoaili  overlying  Ihe  crag — 


l> 


marl  opped  with  columnar  basalt  a 

i i  volcanic  conglomerate  of — see  d 

gnia  No.  13,  77 


lav.,  105 
Lnnd-shella  drifted  from  Ihe  Alps  into  Ihc 

Uedilerranean,  4tf 
Landera,  on  the  della  of  iho  Nigcr,330 
LxDiles,  tertiary  ilrala  of  ihe,  2U6 
La  Roche,  eection  of  ihe  hill  of,  229 
Ui  Planas,  lava  current  oi;  1B9 
UTrinili,  Dear  Nice,  fbuil  shells  of,  168 
iMder,  Sir  T.  D.,  on  ihc  parallel  roads  of 

Glen  Roy,  131 
Lata,  a  bed  of  oyslers  bttweea  two  cur- 

renia  of,  at  Vkiini,  73 


Lara,  columnar,  ilratilied  marl  rotin;  on, 
in  the  Ule  of  Cyclops — see  wOOd-CU 
No.  14,  79 

minerala  in  cat'ltles  nf,  SI 

veiui  of,  on  Etna,  91 

great  length  of  time  which  ilreqalrd 

to  cool,  363 

Lava  ilreamt  solid  externally  white  in  no- 
lion,  S6 

LavM  cr  Ihe  Cyclopiin  isles  doI  currents 
from  Etna,  bl 

Lavas  anJ  breccias  of  the  Vil  del  Bate,  93 

Laval  eacavated  by  riven  in  Catalonit, 
186,  189 

Lavas  and  allnviums  of  diSerent  ages  ie 
Auvergne— see  wood-cut  No.  61,  266 

La  Viislere,  fresh-water  llnuUxie  cocend 
by  volcanic  roclis  at,  263 

faults  In  the  limestone  at,  263 

Leeward  Itlanda,  geology  of  the,  133 

Le  Orand  d'Aussi,  M.,  on  alluviums  uadir 
lava  in  Aiivergne,  267 

Leith  Hill,  height  of,  293 

'      ■     pebbles   covered  wit 


lof  Iheitrataat,  74 


r,  73 


Lconhard,  H.,  oa  the  loess  of  the  valley  of 

the  Rhine,  ISI 
on  Ihe  volcanic  dislricl  of  the  Lower 

Rhine,  201 
'         on  granites   of  iUBcrcnt  ages  oesr 

Heidelberg,  357     ■- 
Lewes,  fliiures  in  the  cliilk  filled  wiih 


Lakes,  arrangement  of  deposits  in,  S 

SMd  near,  283 

Lake  Superior,  recent  depnsils  in,  analo- 

 view  of  the  ravine  called  the  Coomb 

gous  to  ihoie  of  liie  Eocene  lakes  in 

near— Ke  wood-cut  No.  75.  301 

Anvergne,  230 

aalure  of  ilie  recent  deposits  iu,  334 

culNo.  7P,  301 

Ilieburstlogoliis  barrier  would  cause 

an  extensive  deluge,  270 

Lias,  ilraUoflhe,  326 

Umarck,  his  list  of  Ihe  fossil  shells  of  Ihe 

Paris  basin,  156 

group  uid  the.  326 

La  Motia,  valleys  excavated  through    blue 

conterted  inlo  Sinty  elate  by  tnql 

n,370 

altered  in  the  Alps,  372 

altered  in  Hebrides,  378 

l.icoJia,  relative  age  of  Ihe  basalt)  a(  82 
Lignite  Intersliatilied  with  Ihe  sub-Apei- 

nlne  marls,  159 
Lima,  valley  of,  proofs   of  Ihe  succerairt 

rise  of  the,  130 
Limune  d'Auvergne,   lacustrine  deposits 

and   volcanic  rocks    of  the — sec  mapi 

wood-cut  No.  56,  226 
Limestone  funnalion  of  Ihe  Vol  di  Not« 

described — see  diagram  No.  5,  64 

Llmeatone,  resting  on  lava  at  Capo  SanU 
Croce,  68 

Lilhological  character    of  Ihe  sub-Apeil. 
nine  beds,  157,  162 
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liockart,  If .,  on  tlie  fettil  reauins  ol  the 
Orieanais,  219 

of  Um  Tallcy  of  the  Rhine,  151 
minenl,  compoeition  of  the,  151 
its  thicknesi  and  origio,  152 
grmvcl,  &c.  miternatiog  with,  153 
luC  of  shells  firom  the---see  Appendix 
II..  58 

tertiarj  itnU  of  the  basin  of  the. 


20 

relative  age  of  the  strata  of  the—see 
diagram  No.  3,  20 
—  <  faluns*  of  the,  203 


London  basin,  tertiary  deposits  of  the;,  13, 
277 

on  the  former   continuity  of   the 
Hampshire  and,  283 
—  fossil  shells  of  the— see  Tables,  Ap- 
pendix U 

proportion  of  living  species  in  the 
Ibssd  shells  of  the — Appendix  I.,  50 
London  clay,  its  composition,  thickness, 
&r^279 

septaria  of  the,  279 
the    fossil  shells  identifiable   with 
those  of  this  Paris  basin,  2ti0 
organic  remains  of  the,  280 
Lower  green-sand  described,  286 
l^wer  Rhine,  see  Rhine. 
iMcina    divariciUaf    wide     geographical 

range  of  the,  254 
Luy,  section  of  tertiary  strata  in  the  valley 
of  the    see  diagram  No.  51,  207 

Maan^  or  lake-craters  of  the  Eifel — see 
wood-coU  Nos.  49  and  50,  195,  196 

—  how  formed,  196 

Macculloch,  Dr.,  on  the  parallel  roads  of 

Olen  Roy,  131 
*—  sub-Apennine  strata  termed  marine 

alluTia  by,  157 

—  on  the  granite  veins  of  Cape  Wrath, 
in  Scotland,  354 

— —  on  the  junction  of  granite  and  lime- 
stone in  Glen  Tilt,  356 
— — —  on  the  granitic  rocks  of  Shetland,  357 
— *—  on  the  granite  uf  Sky,  358 

■  on  the  trap  rocks  of  Scotland,  360 
^— —  on  the  granite   of   Aberdeenshire^ 

361 

—  on  the  passage  of  gneiss  into  graoile, 
372 

Mactgno  of  the  Italians  the  greywacke  of 
the  Germans,  162 

Maclure,  Dr.,  on  the  geology  of  the  Lee- 
ward Islands,  132 

■  on  the  volcanic  district  of  Olot  in 
Catalonia,  184 

—  his  observations  preceded  by  those 
of  Don  Bolos,  193 

Madeira,  fossil  shells  of  recent  species 
brought  from,  134 
Vol.  III. 


Madeira,*  vertical  dikes  of  compact  lava 
seen  in,  134 

violently  shaken  by  earthquikes  dur- 
ing the  last  century,  134 

Maestricht  beds,  fossils  of  the.  324 

—  chum  between  the  Eocene  and, 
325 

— —  number  of  fossil  shells  common  to 
the  chalk  and,  325 

number  common  to  the  upper  green- 
sand  and,  325 

Magnan,  river,  167 

—  section  from  Monte  Calvo  to  the  sea 
by  the  \ alley  of — see  diagram,  No.  29, 
167 

Malaga,  tertiary  strata  of,  170 

Mammalia,  fossil,  importance  of  the  re- 
mains of,  47 

duration  of  species  in,  more  limited 

than  in  testacea,  140 

shells  of  living  species  found  with 


extinct,  140 
Mammiferotts  remains  of  the  successive 

tertiary  eras,  59 
Mammotn.  tusk  of  the,  found  in  calcareous 

tufa  near  Rome,  139 
Man,  remains  of,  now  becoming  imbedded 

in  osseous  breccias  in  ihe  JMurea,  144 
Maotell,  Mr.,  on  the  fossil  shells  of  the 


crag,  171 


on  deposits  containing  recent  shells 
in  the  cliffs  near  Brighton,  132 
on    tertiary  outliers   on   the 


233 


chalk, 


— —  on  tlie  secondary  rocks  of  tlie  Weald 
valley,  286 

his   section    of   the  \  alley    of   the 

Weald,    with    the   heights  on  a    true 
scale — see  wood-cut  No.  64,  '283 

—  his  section  from  the  North  escarp- 
ment of  the  South  Downs  to  BarcomlN) 
— see  wood-cut  No.  71,  2UG 

— -  on  the  absence  of  chulk  dotritus  on 

the  central  ridge  of  the  Weald,  '29(> 
— ^  his  .nectioii  of  a  fault  in  the  clltV-liilU 

near    Lewes — sec    wood-cut    No.    76, 

301 
-^—  his  discovery  of  the  Mososaurus  of 

Maestricht  in  the  English  chulk,  325 
Map  of  the  volcanic  district  uf  ('atalunia 

— >see  wood-cut,  No.  43,  184 
-^—  of  the  volcanic  region  of  the  Kifel— 

see  wood-cut  No.  48,  1U4 
■         of  Auvergne,  showing  its  geographi- 
cal connexion  with  the  Paris  hu»iii— see 

wood-cut  No.  56,  226 
Marculot,  fresh-water  limestone  of,  232 
Mardolcc,  grotto  of,  bones  of  extinct  quad 

rupeds  found  in  the,  140 
— ^  pierced    in  the   interior  by   boriD| 

testacea,  141 

—  breccia  in,  how  formedj  141 
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IfMitntrtre,  gypsum  of,  247 

«-*—  bones  of  quadrupeds,  ftc  in  ike  gyp- 
sam  of,  251 

entire  absence  of  marine  remains  in 

tbe  gypsum  of,  252 

Mont  Mesen,  age  of  the,  260 

Monte  NuoTO,  formation  o^  104, 128, 125 

Mootpellier,  tertiary  strata  of,  215 

Moot  Perrier,  position  of  the  Miocene 
alluTiums  of— see  wood-cut,  No.  54, 21 7 

■  '  remains  of  extinct  quadrupeds  in  the 
alluviums  of,  218 

—  age  of  the  trachytic  breccias  of,  262 

Montsacopa,  volcanic  cone  of— (see  Fron- 
tispiece,) 186 

Mountain  chains  formed  of  successive 
igneous  and  aqueous  groups  superim- 
posed on  each  other,  2& 

— -—  on  the  relative  antiquity  of,  337 

— ^—  difficulty  of  determiuing  the  relative 
ages  of,  350 

Moravia,  fossil  shells  of--see  tables,  Appen- 
dix 1. 

Morea,  osseous  breccias  now  forming  in 
the,  144 

tertiary  strata  of  the,  170 

■      distinct  ranges  of  sea  cliffs  at  va- 
rious elevations  in  the,  113,  132 

fossil  shells  of  the — see  tables,  Ap- 
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Moropano,  fossil  shells  found  in  tuff  near 
the  town  of,  126 

Mosenberg,  a  mountain  with  a  triple  vol- 
canic cone,  197 

Mososaurus  of  Maestricht  found  also  in  Ihe 
English  chalk,  325 

Mundesley,  protuberances  of  chalk  in  the 
crag  strata  near,  180 

Murat,  fresh-water   deposits    covered  by 
volcanic  rocks  near,  263 

Murchison,  Mr.,  on  the  tertiary  strata  of 
Grosceil,  near  Nice,  135 

on  tertiary  strata  at  the  base  of  the 

Maritime  Alps,  166,  168 

his  section  of  the  manner  in  which 

the  crag  rests  on  the  chalk — see  dia- 
gram No.  30,  173 

—  on  the  Superga,  211 

*         on  the  tertiary  formations  of  Styria, 
gaam  213,  214 

—  on  the  fresh-water  formation  of  Ca- 
dibona,  222 

on  the  volcanic  rocks  of  Styria,  224 

• on  central  France,  227 

—  on  the  lacustrine  strata  of  the  Cantal, 
239 

on  Auvergne,  258 

—  on  the  Plomb  du  CanUl,  263 

■  on  the  excavation  of  valleys,  265 

— —  on  the  tertiary  formations  of  Aix,  in 

Provence,  277 
^-^  on  the  terrace  formed  by  the  hard 

beds  of  the  upper  green-sand,  292 


I  Murphy,  Lieut.  H.,  on  the  height  of  the 
'      North  Downs,  288 
Musara,  sections  of  buried  cones  seen  near 
the  rock  of,  88 

—  flowing  of  the  lava  of  1811  and  1819 
round — see  wood-cut.  No.  21,  92 

-i—  traversed  by  dikes,  92 

Nadder,  valley  of  the,  308 

Nantes,  tertiary  strata  near,  resting  on  pri- 
mary rocks,  204 

Naples,  recent  tertiary  strata  in  the  district 
around,  22 

—  volcanic  region  of,  changes  which 
it  has  undergone  in  the  last  2000  years, 
118 

—  recent  shells  in  volcanic  tuffs  near, 
126 

Necker,  M.  L.  A.,  on  the  dikes  of  Somma, 
121 

—  on  the  cause  of  the  parallelism  of 
their  opposite  sides,  122 

on   the  varieties  in  texture  of  the 

dikes  of  Somma,  124 
Needles  of  the  Isle  of  Wight,  fall  of  one  of 
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reini,  355 

on  garnets  in  tllernd  >hale,  3C9 

Sediment,  changes  in   the  dislhbullon  of, 

which  would  tike  place  on  Ibe  filling  up 

of  luge  lakes,  27 
Sedimenlary  depusilion,  Causes  nhtch  d< 

cation  the  shifting  of  Hie  areas  of,  26 
Sedimenlary  rocks,    distinction   lielwee 

vuluDic  and,  10 
Seguinat,    Montague   de,    bminalion    i 

clay-slale  in  the — see  nuod-cul,  No.  8! 

36G 
Selenile  foundin  clay  U  Ibe  foot  of  Etna,  77 
Seplaria  of  the  London  clay  desci" 
Seir*  del  SolfiiiiD,  Hctlons  of  buried  cones 

in  Ihe  cliffs  of,  SS 
dikes  at  llie  base  of — see  wood-cul 

No.  19,  90 
Serres,  M.  Mircei   dc,  on  the  drifting  ol 

land  shell.  In  the  ua  by  the  Khune,  *a 
■•-■■-       '  Montjiellier, 


Slialti,  recant,  nuinericat  \ 

Ibe  diSerenl  lerliary  periods,  58 

number   of  species   of,  tbond  bodi 

livincand  rouil,39-l 

fossil  tertiary,  number 

construct  the  tables,  394 


iriodi.  Appendix  1.,  50 


1  ibt 


'e  their  fosul  i 

1  the  elifls  cut  of 


— see  wonloits,  Not.  3 


granite B  of  different  ages  is,  3J7 

pastifio  of  trip  into  granite  in,  3K 

SiehenEibirge,  volcanic  phenumciu  of  tlie, 


icopio  fosiil  shdb  very  abun- 

USUI  near,  163 
lilt  of  fossil  sliclU  from — Appendii 

11.,  S9 
Siliceous  schist,    clay   coavcrlail  into  by 

la>a,  70,  SI 
Silreilop,    Col.,  on  the  leitiiry  strata  of 

Spain,  170 


0,  pUiit  oflbe,  76 


Skv,  age  of  tbe  gnnile  of,  359 
Sm'yih,  Capt.  W.  H.,  bis  drawing  o(  the 
iile  of  Cjolup*— see  wood-cut  Na  14, 

OQ  the  ei.tinct  volcano*  of  Sardi- 
nia, 193 

Somma,  escarpment  of,  84,  65,  87, 9fi 

changes  cauat^d  by  dike*  iu  the,  91 

dikes  of,  121 

minerals  found  in,  121 

pirallelism  of   Ihc  opposite  tides  ol 

Ihe  dikes  of,  m 

of,  124 
Snmma  and  Vesuvius,  difTei-ences  in  tbe 


Ihe' 


.y«uf,fi4 


50 


irately  determining 


near,  139 

South  Downs,  chalk  ridge  calleJ  the,  SS7 
section   from  lo  the  North   DowM 

across  the  Weald  V.lley_,e 

No.  G3  sod  64,  288 
^—  highest  poiut  of  Ibe,  S8S 


8e«lh 


J* 


■  in  the  9izi€T  PIucEitt  r 

in  tW  Xmc«b»  nmc:  M 

in  dw  Eaccac  seruK.  s> 

Ikrir 

*  in 

iolnbit,  11*5 
-^—  oBtlirc  pcal  gggatfc-iirf  jt  i 

■  none  ccmmcm  la  cc 
tcrtiarj 

Spioto,  hatA  ihdLi  is  c; 

SteiBiBMr,  If..  •■  Ikc'jMW  «^  li«  En 

— —  OB  tbc  voksBic  d'atiict  cf  ^*  T.iki. 

201 
SleTBing,  chalk  firitpatBl  ai  mcx  ir-m 

the  bill  aboTC — ite  nood-cci  Ncu  €(, 

291 
StirliD^  Castle,  altered  stn2a  ia  lt«  nek 

oi;369 
Stoar,  traosferae  Tallej  of  the,  293 
Strata,  cause  of  the  limited  contiDaitj  of,  9 
—  —  order  of  aoccewioB  of — lee  diagram 

No.  1,  14 
origin  of  the  European  tertiary,  at  ^ 

successive  periods,  18 

—  Recent^  form  a  common  point  of  de- 
parture in  all  countries,  58 

■  with  and   without  organic  remains 
alternating  in  the  Psaris  basin,  254 

■  on  the  consolidation  of,  334 
Stratification,  unconformable,  remarks  on, 

30,33 
•^—  of  the  Crag^see    vrood-cuts,    174, 
175 

—  of  primary  rocks—see  wood-cut  No. 
89,  365,  366 

Strike  of  beds,  explanation  of  the  term,  346 
Stromboli,  lava  of,  has  been  in  constant 

ebullition  for  2000  years,  363 
Studer,  M.,  on  the  loess  of  the  valley  of 

the  Rh'me,  152 
•»—  on  the  molMM  of  Switzeriand,  212 


n     •=.--■  r:. 


n    His. 


S-iMTT-  CK3.   cnBcus^i^r  — «5    2-11  Ijf   atf. 

ioA^  s:itJ«  ii*  2«.  i  - 1 

S'ijcn.-r.  Like.      5fT  Tjh  >i.:*rj:.-. 
Sij^erTiss— ictCL  i-f    sarzc-ss.ic     :;«Trxj.iw». 

^—  prii:f  cf  TKxrt  rrcrt:  ^-;f  .r.  Jo 
eice;  -Jra*    :•    necari    L?    i  .-Crax  ; 

so  inraraKe  c»rder  cf.  1=  HTTv^r* 

formations.  375 

Surface,  diflewri  j^:r$  of  :><,  m^^r  \\t 
secoodarr  and  lenian*  su^u  we^e  form- 
ed, 23 

Switzerland,  'moIa«9e*  of,  212 

Synclinal  and  anticlinal  lines  describes! 

'see  wood<ut  No.  6S,  293 

Syenites  not  distinguishable  from  praniles, 
358 

Synoptical  Table  of  Recent  and  Terliary 
Formations,  61 

Syracuse,  section  at— see  diagram  No.  f),  CA 

—  shells  found  in  (he  limestone  of,   (i!) 

■         range  of  inland  dill's  seen  to  the  north 

of,  111 
bones  of  extinct  animals  Ir 

near,  MO 

—  list  of  fossil  sb«IU  fiom— i 
ll.i  p.  54 


Tib1«-Mannl^n,  |CqM  of  Good  Hap>,  in- 

lenecled  by  veiiu — tee  vfoDd'Cut  No, 

85,  354 
TanarD,  plainiof  tht,  211 
Taro,  river,  itiLura  at  the  ieJiment  depo- 

utiidby  Ihe,  161 
TiuDui,  beJi  and  large  quart!  Teiot  fc 

in  Ihe  Rioualaiaii  o(  llic,  2U1 
Tecb,  lerliary  alraU  in  tho  valley  oflhe,  170 
T>r,  nlUyofLhe,  1S5 
Tereoel,  river,  lava  eiciialod  by  the,  18S 
TorracBS,    manner  in   which   llie  ira  d 

No.24,111,292 

Tenanuovi,  di|>  of  ihe'lertian  slrMa  a[,  7 
Ttrtiary   rarmilioai,  eEDcraf  remarki  o 

the,  15 

oftheParisbuin,  16,  2J1 

——  U  firat  all  referred  lo  Ihe  age  of  iho! 

of  Ihe  Paris  bailn,  17,  19 
origin  of  Ihe  European,  al  lucceitit 


.  oflho! 
-ufToui 


l)-ApenDiDehUl>,lS 
le,  20 

uid  Dai,  20 


oF  Bordeaii 

of  Piedmoi 

of  the  Valley  of  ihe  Barmida,  21 

of  Ihe  Supcrga,  near  Turin,  21 

oF  (he  baain  oF  Vienna,  21 

newer  Ihau  the  tub -A  pen  nine*,  21 

Ihe  newest  often  blend  wilh  thoic  of 

Ihe  hiitorlcal  era,  22 

""  "  under  which 


have 


■y  Formatioua  mai 


'  new  lubdiviaioD*  oF  the,  52 

■  numerical  proporliun  af  recent  shelli 

differenU  53,  5J,  55,  58 


-  Synaplici 

-  uf  Sicily, 

-  of  Campi 


iplical  Table  oF  Recent  and,  61 


63 


IIS 


11 


of  Chili  and  Peru, 

oF  the  Weil  Inilia  Arcliipelago,  132 

of  the  !£«■(  ludia  Arrhipelago,  133 

oFNurway  and  Swedeu,  IJ5 

on  the  weatern  borders  of  the  Red 

Sea,  135 
identity  of  tbeir  mineral  compoaiiion 

no  proof  of  coal emporaneous  origin,  161 

Kmblance,  lb) 

Ihe  baie  of  theMarltlme  Alp'i,  164 
the  eaalem  cxlreinity  of  the  Py- 
s,  170 
Spain,  170 
IheMorea,  170 
of  Englmd,  18, 19,  135,  171,  277 


Tertiary  formaUoM,  of  Teaiana,  W,  W3 

of  Ihe  basin  of  Ihe  Girondeaud  lie 

>t  Ihe  Undes,  206 


-  of  Plel 


1,211 


oFSwItierland,  212 

oF  SlTria,  Vienna,  Hungar;,  Scc^  212 

oF  VolhrnU  ni  Pndolla,  2U 

otMontpeH'ier,215 

oF  Auvergne,  817,  226 

of  Velay,  219,  S3S 

oflheOtleankii,  219 

oF  the  Upper  Val  i'Atan,  319 

of  Cadibona,  221 

oF  Iha  Canlal,  236 

oFlhe  Coteulin,  or  Valogne%  276 

oF  Rennes,  876 

of  llie  Netherlanda,  276 

of  All  in  Provence,  276 

no  !peciea  comoion  lo  the  lecondary 

and,  327 
Tcslacea,  foisll,  of  chief  itnportence,  47 

mailne,  wide  range  of.  44,  48 

longerily  of  the  species  of,  48, 56 

Tet,  valley  of  ibe,  lerliary  drala   found 


oF,! 


,    has  flowed    i 


and  Paris,  n 


lu  prcMiit 

inri  since  Ihe  building  of  Rome,  13S 

yellow  sand  deposited  liv  (be,  IGl 

valley  of  Ihe,  139 

Time,  enecla  of  preposieiaiona  in  regard  lo 

the  duration  oF  past,  07 
Touralna,  tertiary  strata  oF,  20, 203 

-elative  age  of  the  tertiary 
liagr3mNo.3,20 
-futsil  shells  0  f — sue  Tablee.AppeDdiil. 
:hytic  breccias  and  alluviunu  ellcnal- 
ginAuv-er|ne,2l7 
lailion  formatioBi,  remarki  un,  13 
isiersB  valleja  in  Ihe  North  aod  South 
luuns— tee  wood-cut  No.  73, 29S 

-  remarks  on  their  foriDatian,  299 

-  ^uppofed  leclioD    of  ana  of  then — 
le  wood-cut  No.  74,  3U0 

isylcaoii,  lertiary  farmuUtiiu  of,  313 

-  age  of  tltt  tertiary  atrala  of,  21i> 

-  volcanic  rocks  of,  223 

-  fa^llshelliof— <e*Tablei,Appe*ilixl. 
I  rocki,  origin  of  the  term,  SWt 


J,  360 


ilo  granite,  361 
irasi  oi  inc  Hninc  volcanos,  197 

in  origin,  198 

Traienim  of  Ihe  valley  o(  the  Elm,  13? 

of  Rome,  recent  ihelli  with  (he  ttuk 

of  the  mamniolb  found  in.  138 
Tenf,  longevily  of,  99,  373 
Treua,  hay  of,  lulAElDeau  foraialitmi  cx- 

I  euh  marloeeiuplioQi  ia  Il'S 


Tricnmiueham,  niDner  in  which  the  cng 
■mil  r«l  on  Ihe  chalk  Mar— >eo  dia- 
gram No.  30,  173 

view  uf  B  pronioDlory  □[  chall!  and 

crag  near — see  woud-cul  No.  41,  179 

leclion  oC  ihe  norlhcrn  iiroluberance 

of  chilk  il_g<:e  wood-cul  No.  42,  IBO 
d(,  brecciu  now  farmiae 


<n  Ihe,  1-14 
rub,  calcareo 

by,  133 
link  of  ll 

Rome,  138 


iha  hllb  of  Rome  capped 
■rammoth  found  in,  near 


V  formed,  7Q 
'-  iu  (ho  liill  of  Novera— J 

No.  8,  70 
kolcinic,  receal  ahelU  in,  Heir  Na- 

ple>,  126 
I ihells  found  in,  a(  great  heights  in 

iKhia,  I2G 
Turin,  lerliary  formalioni  ol,  211 

fossil  th  eU>  of— see  TabletjAppendixt. 

Tuscany,  fresh- walar  formations  of,  137 
ago  of  ibe  volcanic  rocki  of,  183 

Udde valla,  elevated  bei 
UnCDnfarmubilily    of 

Ihe,  30, 33 
Unlvenal    formalioni,    remark) 

theory  of,  3S 
Oniveraaiitr  nf  red   marl,  cemaika  on  the 

suppoied,  333 

of  eartaio  hypoBeoa  rocks,  376 
Upper  marine  furmilious  of  the  Parii  badi 

how  formed,  248 

TbI  d'Arno,  Upper,  miofral  character  o 

the  jacustriaB  alnli  ot  llie,  161 
Fresh'HatartunnatioDS  of  the,  219 


dtigrani 


Val  di  Calaniia,  its  origin,  S5 

bei>sin  to  be  filled  up  hy  lava  in  1811 

and  1BI9— an  tvood-cut  No.  IS,  86 
Val  di  Nolo,  rormilions  of  the,  G3 
divisible  inlo  three  groupa — see  di*. 

gram  No.  i,  64 

volcanic  rocks  of  the,  63,  67 

volcanic  conglomerilsi  of  the,  73 

proofi  of  t!ie  gradual  iccumuliUon  of 

llie  furmaliansDf(he,73 
connaiion  of  (ha  furmatiooi  of  the, 

with  thoia  i(   tlie   hue  of   Hint — sae 

diagram  No.  12,  76 
form  of  the  valleys  in  tho  limeitono 

distnctsoflha,  110 
inland  cliffa  seen  on  the  east  tide  of, 

111 


Vale  of  I'ewsay,  308 

Valley  ufihe  Nadder,  308 

of  the  Waald— Me  fFru/J 

Vallayi,  of  elevation,  30S 
on  Etna,  account  of,  83 

~n'o°23,Ii5' 

most  rapidly  encavaled  wliara  eanh> 

quakes  praiaif,  113,  148 
and  parallel    trouglis    helween    the 

North  and  South  Downs,  ho»  lurmcd. 


iraiiivBKC,  of  (h*  North  i 

Downs,  2S8 
how  formed — sea  wood-cu 


No.  74, 


njoflh 


,220 


Vol  del  Bove,  great  valley  on  caal  side  of 
Etna— see  wood-cul  No.  17,  83 

Its  length,  depOi,  Sec,  84 

description  of  (ha,  87 

iu  circular  form,  87 

dikes  numerous  in  Ihe,  87 

dip  of  Ihe  beds  in  the,  87 

ssclion  of  buried  conassaen  in,  89 

diflerence   in   the   dip   of  (he   beds 


lud    furrowa    on    Ihe    chalk,    bow 

of  Ihe  South-east  of  England,   bow 

formed,  319 
Vatmondob,  rolled  blocks  of  calcaira  groa- 

249 


rtiary  st 


at  the  ei 


I  tbo,  88 


■  fossil  ihelU  ol— see  Tables,  Appcn- 
der  Wyck,  U.,  on  the  £ifal  district. 


dikes  1 


compos  I  tic 
,90 


if  CtD*— 


river,  Urge  quanllLles  of 
0  Ihe  wa  by  the,  163,  It 
Vatican,  hill  of  the,  calcareuu 


I  the, 


-  view  of,  from  the  aUE 
see  wood-cut  No. '23,93 

lavas  and  breccias  of  the,  93 

origin  of  Ibe,  95 

floods  in, caused  by   melting  of  snow 

by  lava,  90 
'aldemone,  (ormailons  of,  73 
Val  diCalania,  ilscraleriform  «hai)e,B5 
dip  of  the  bads  in  (he,  85 


fmh-waler  formations  ot,  %• 

——  age  of  llie  volcanic  roeki 
260,  26S 


r 


Veniol  (I 


I'alluvlunM  covered  by  lata 
htighu  in,  Z62 
inclinwl  ilrtUtgrFXl  line  of, 
le ur  Wight  loDJcppr,315. 

Hof,  121 

Bohid;  of 


chanoeli  fcrmed  by 

lavirroni,  in  177'J,  122 
mud  Samnii,  diScrcDce  in  ibcir 

poiitioo,  \20 
Vichjr,  lerliuy  ooliUc  li 


-  dip  or  th 


l>cnt 


me  of,  232 

nln  II,  S3; 
.r,  21,  212 


233 


Vicnaa,  liniiry  fa 

■  -i  age  of  tha  larliuy 
— —  buin,  liHiil  Bhelu 

Vigolano,  gypnim  inleralntificd  with  sub- 

Apcnnine  mirli  tl,  1S9 
ViltuinDnJe,>tiellifauDi)inlira«jl(inc>t,65 
liil  o[  foiiil  ihelli  fironi — Apiienilix 

II.,  54 
Tillernnche,  baj"  of,  tertiity  ilrala  found 

near  the,  136 
Vinegar  riier,  sulphi 


<  of  the 


Virtel,  M„  on  the  lertiBry  ilraU  of  itie 

Morei,  170 
Vilerbo,  nolctnic  luffs  and  auUApenniue 

maili  alteinating  at,  159 

set  of  Ihe  vnUiBie  rock,  of,  183 

Viviani,  Profeuor,  oD  Iha  chanctei  of  Ihe 

Sicilwti  Bora,  US 
^ —  OD  tbe  tertiary  itrala  of  Genoa,  1G€ 
Viuini,  junclion  ol  inclined  tuff  and  hori- 

8,70 
cbiDgei  caused  by  idilte  nC  lara  io 

argillaceous  tlrila  si,  70 
■        a  bed  of  oyslen  between  two  lava- 

eurrenu  al,  73 
Volcanic    breccias     in      Autergne,    faotr 

formed,  3S9 
Volcanic  conglomerntrs  of  the  Val  di  Nolo, 

73 
now  Forming  on  the  ihorei  of  Catania 


192 

Volol 


:ut  So.  47, 
les,  modem,  not  parallel,  349 


[ 


Voli 


'olcanic  region  of  Nnplen,  chaiigei 

it  haa  undergone  during  llie  last 

yean.  118 

jleanic  rocks,  distinction  betweei 

nentary  and,  10 

—  relative  age  of,  how  determine 
oftheVaTdiNoto,  ee 
of  Campania,  their  age,  126 
of  central  Frani^e,  2&7 
aecondary,  of  many  different 


of  the  Lower  Rhine  and   the  Eiltl. 

193 
the  result  of  aucceaaiie  acewDula- 

lion,  240 
attempt  lo  divide  ihom  into  antt- 

diluk'iin  and  posl-di;uvi«n,  268 
Volhj-nia,  tertiary  forma  liana  of,  SU 
Voili,  M,  on  the  loru  of  Ihe  Rhine,  151 
"      -     ■    --         theEifel,  201 

Volbyaii 


belertiaryforra 
dolia,  215 


range  of  volcanic  linn 
volcanic  ditliicl  dI 


Beaumont,  346, 347 

—  on  ibe   Coraiih  gianile  leint— see 

uoodtui  No.  87,  355 

in  Oeynhauien,  his  map  of  tha  Eifel  dii- 

trict,  193 


ut  the  Rhine, 


Ho.  34,  17S 

.  on  the  Big<hol  iind,  280 
Wall,  Gregory,  hij  enperimenU  on  melted 
rock.,  124,372 
lid,  denudation  of  Ibe  vftlley  of  <b«. 


285 


Bie  group!,  286 


:kgofthe,  diiitiblein 


Ihe,  3U3,  313 
Wcalden,  tecoudaiy  group,  called  the,  325 

organic  remama  of  Ihe,  325 

in  great  extent  and  ihicknesi,  3291 

how  depoiiled,  329 

Wehsler,  Mr,  on  the  geology  of  the  laleof 

Wight,  18,  315 
on   ibe  lerliary  formation*  of   the 

London  and  Hinijiihire  baiiiu,  378,  ^0 


INDEX. 


109 


Welliogloii  V«ll«y,  Auttrtlia,  brecciu  con- 
taining remains  of  manapial  animals 
found  in,  143 

West  Indian  Archipelago,  tertiary  forma- 
tions of  the,  132 

IVey,  transverse  valler  of  the,  298,  299 

Whewell,  Rct.  W^  53 

Wildon,  thickness  of  the  coralline  lime- 
stone of,  214 

Wiltshire,  valleys  of  elcTation  in^  303 

Wily,  valley  of  the,  308 

Winds,  ripple-marks  caused  by,  on  the 
danes  near  Calais— see  wood-cut  No. 
36,  176 

Wrotham  Hill,  height  of,  288 


Yarmouth,  thickness  of  erag  in  the  cliffs 

near,  172 
Ytrac,  fresh-water  flints  strewed  over  the 

surface  near,  237 

Zaffarana,  valleys  extending  from  the  sum- 
mit of  Etna  to  the  neighbourhood  of, 
83 

Zocolaro,  hill  of,  lava  of  Etna  deflected 
from  its  course  by  the-— see  wood-cut 
No.  18,  86 

Zoological  provinces,  great  extent  of,  40 

Zoophytes,  recent  jpecies  of,  but  little 
known,  47 


THE  END. 
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unscientific  reader,  in  one  small  volume. 
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FIIIST  AND  SECOND  REPORT  OP  THE 

PROCEEDINGS  OP  THE 

BRITISH  ASSOCIATION  FOR   THE   ADVANCEMENT  O] 

SCIENCE, 

At  YORK,  in  the  year  IS3I,  mn<1  at  OXFORD  in  1832.    In  one  i-o1.8td. 

CoNIENTa  !— PART   1. 

1.  Rev.  WILLIAM  VERNON  HARCOURT.    Eiposiiinn  of  the  OBJECT  and  PLAN 

odlie-ASSOCIATION. 

2.  DETAILED  ACCUI;NT  of  the  PROCEEDINGS  at  YOBK,  in  Sepleiiil.«r,  1831. 

PART  H. 
Rirom-B  reid  to  the  SOCIETY  »t  OXFORD,  June,  1832,  vii.— 

1.  PROFESSOR      AIRY,    P.R.S.,    on    lll«     State    aoJ      Piogresi    of     PHYSICAL 

ASTRONOMY. 

2.  J.  W.  LUBBOCK,  E<q.,  on  the  TIDES. 

3.  J.  D.  FORBES,   Esq.,   F.R.S,,   on  the  Preient    Stale  of    METEORO LOGICAL 

SCIENCE. 

4.  Sir  DAVID  BREWSTER,  F.R.S.  I-.&  E,  on  the  FrogrMiof  OFIICAL  SCIENCB. 

5.  Rev.  B.  WILLIS,  on  Ihe  VHE\0MEKA  of  SOUND. 

«.  Bev.  PROFESSOR  TOWELL,  on  the  PHENOMENA  of  HEAT. 
7.  Re».  PROFESSOR  CUMUING,  on  THERMO-ELECTRICITY. 
\  F.W.JOHNSTONE,  E«).,  on  the  Recent  Progreu  of  CHEMICAL  SCIENCE, 
ll.  Rev.  PROFESSOR    WHEWBLL,   M.A.,   F.R.S.,  on    ilia  Suie  and   Prugrts 
UINERALOGICAL  SCIENCE. 
I.  Re*.  W.  CONYBEaRE,  M.A„  P.R.S,,  F.Q.S,  on  ihn  Recent  Progren, 
Slate,  and  Ulterior  Development  of  GEOLOGY. 
Together  with  an  Account  of  the  Public  Proceeding!  of  the  Soriely.  and  dI  tlie  Oallv, 
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